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Abstract 
Marsupial grazing lawns in Tasmania: maintenance, biota 
and the effects of climate change 
Native vertebrate grazers have been shown to be a critical element in the structuring of 
natural grasslands and lawns. Tasmania has a high density of native grazers and lawns 
have formed sporadically within woody landscapes. They are locally known as 
‘marsupial lawns’ and can be found at altitudes from alpine to coastal and are often 
associated with wetland areas. While grazing lawns have been studied elsewhere, 
(particularly in southeast Africa), little is known in Tasmania on the causes of 
persistence of lawns.  
This study set out to investigate what maintains lawns associated with wetlands in 
Tasmania through researching the following questions: 1) What is the role of native 
vertebrate grazers and environmental factors, either singly or interactively, in the 
maintenance of grazing lawns? 2) Are there distinctive biotic communities associated 
with grazing lawns? 3) Is a changing climate affecting the extent of grazing lawns?  
Two marsupial lawn sites (Bangor at sea level, and Central Plateau in the highlands) 
were established to investigate the first and second questions. Scat counts confirmed the 
presence of marsupials in high numbers and also the presence of rabbits (but to a lesser 
degree), and exclosures proved that by excluding grazers, woody seedlings can establish 
and flourish on the lawn.  
Soil moisture was significantly higher in the soils of lawns than in the adjacent taller 
vegetation, suggesting that high moisture levels create productive lawns that in turn 
attract a level of native grazing (by wallaby, pademelon and wombat) that prevents 
invasion by woody species. Other environmental factors such as waterlogging, extreme 
temperature fluctuations and soil fertility do not appear to exclude woody species from 
invading the lawn at either site.  
  iv
The Bangor and Central Plateau lawns were biotically distinct from the adjoining bush 
vegetation. Lawns had a dense cover of herbaceous species while ground cover in bush 
consisted of litter and bare ground with little herbaceous cover. Dicotyledonous 
herbaceous species provided the dominant cover in the lawns. The composition of 
herbivorous invertebrates was also distinct between lawn and bush at both sites. One 
third of the taxa found in lawn pitfall traps and sticky traps were not found in bush traps. 
The Bobilla cricket (Gryllidae) dominated the lawn taxa at Bangor and the weevil 
Desiantha (Curculionidae) dominated lawns at the Central Plateau.  
Since the late 1970s dry conditions have been experienced in southeastern, eastern and 
northern parts of Tasmania with significant rainfall reductions in eastern, central and 
Flinders Island compared to the thirty years prior to 1978. Without adequate moisture, 
herbaceous lawns have failed to thrive. A consequent reduced grazing pressure may 
have enabled woody species to establish. A comparison of old (pre 1978) and current 
(post 1978) aerial photographs and aging (using ring counts) of invading shrubs, 
confirmed that woody species invasion of lawns post 1978 is widespread in eastern and 
northern parts of Tasmania, reducing the area occupied by lawns. Not affected by woody 
invasion were high rainfall areas, lawns around saline lagoons, coastal areas subjected to 
salt spray and low lying lawns occasionally inundated by sea water in extreme storm 
events.  
The invasion of grasslands by woody species is a global phenomenon of concern, as 
shifts from herbaceous to woody vegetation affect the flora and fauna that are dependent 
on a non-woody ecosystem. The causes have variously been attributed to changed 
domestic stock grazing interacting with environmental variables, fire regimes, increased 
rainfall, increasing CO2 levels, nitrogen deposition and warming due to climate change, 
though few studies have attributed woody growth to lack of native grazing pressure 
because of drought. The maintenance of ephemerally wet marsupial lawns in Tasmania 
is the result of the interaction of ‘top down’ and ‘bottom up’ controls. If either moisture 
or grazing levels are changed substantially, as appears to be happening with changing 
weather patterns in Tasmania, then this habitat and the associated biotic communities 
appear vulnerable to decline. 
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1 Introduction and Thesis Aims 
Grazing animals both influence the nature of vegetation and respond to it (Newsome 
1975; McNaughton 1984; Milchunas and Lauenroth 1989). Native grazers in less 
modified landscapes have been shown to be a critical element in the maintenance of 
natural grasslands and lawns (Karki et al. 2000; Archibald 2008; Waldram et al. 
2008). Lawns, defined here as low (< 3 cm) vegetation swards with more than 70% 
projected foliage cover dominated by grasses and herbaceous vascular plants, are 
found sporadically in many parts of the world at altitudes from alpine to coastal.  
These natural lawns range in size from a few square metres to large patches covering 
hectares. They can be found within woodlands, shrublands, tall grasslands (Jackson 
1973; McNaughton 1984; Karki et al. 2000; Archibald et al. 2005), on steppes (Mack 
and Thompson 1982; Milchunas et al. 1989; Posse et al. 2000), within alpine 
vegetation (Kirkpatrick 1988; Kirkpatrick and Whinam 1988; Coughenour and Ellis 
1993; Bridle and Kirkpatrick 1999) on outwash lobes beneath snow patches (Gibson 
and Kirkpatrick 1985; Wahren et al. 2001) in swales (Milchunas et al. 1989; Pharo 
and Kirkpatrick 1994), and margins of wetlands, lagoons, lakes and waterways 
(Kirkpatrick 1975; Kirkpatrick and Harwood 1983; Johnson and Rogers 2003; Person 
et al. 2003; Kröger and Rogers 2005; Verweij et al. 2006). 
Considerable research attention has been given to native tussock grasslands and 
grassy woodlands because of their importance for livestock production and the 
impact that livestock can have on these ecosystems (Gibson and Kirkpatrick 1989; 
Milchunas and Lauenroth 1993; Facelli 1994; Noy-Meir 1995; Wahren et al. 2001; 
Fowler 2002; Leonard and Kirkpatrick 2004; Briggs et al. 2005; Hirata et al. 2006; 
Cingolani et al. 2008). However, lawns have until recently, been comparatively 
neglected, except in East Africa (McNaughton 1979; McNaughton 1984; 
McNaughton 1985; Augustine and McNaughton 1998; Bond and Archibald 2003; 
Cromsigt and Olff 2008; Waldram et al. 2008), although they have been identified
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elsewhere as an unwanted structure in grasslands grazed by livestock (Fuhlendorf and 
Smeins 1997; McIntyre and Tongway 2005; McIvor et al. 2005).  
This process of creating ‘unwanted lawns’ in the Australian arid-zone rangelands was 
described by Newsome (1975). The standing dry grass of this area was of little value 
to the kangaroos (Osphranter robustus and Megaleia rufa), but when cropped short 
by the introduced cattle and sheep, the grasses were forced to sprout green shoots that 
were then grazed to lawns by the kangaroos below a height which the cattle could 
access.  
In parts of East Africa, where there is a largely intact native fauna, recognition of the 
importance of lawns in the diet of wild herbivores and the role of one suite of grazers 
in structuring the vegetation for other grazers has been the focus of research since the 
early 1960s (Vesey-FitzGerald 1960; Gwynne and Bell 1968; Bell 1971; 
McNaughton 1976; Bond and Archibald 2003; Kröger and Rogers 2005; Archibald 
2008; Cromsigt and Olff 2008; Waldram et al. 2008).  
As in Africa, Tasmania has a largely intact native fauna. While lawns have been 
described in Tasmania (Kirkpatrick 1983), the factors that maintain them have not 
been examined. They are locally known as ‘marsupial lawns’ and can be found 
intermittently from sea level to alpine zone in unmodified landscapes or where there 
has been some anthropomorphic disturbance such as around old homesteads and on 
roadsides. The lawns are grazed by various combinations of marsupials: Bennett’s 
wallaby (Macropus rufogriseus); Forester kangaroo (Macropus giganteus 
tasmaniensis); common wombat (Vombatus ursinus); Tasmanian pademelon 
(Thylogale billardierii) and common brushtail possum (Trichosurus vulpecula). In 
addition naturalised introduced European rabbits (Oryctolagus cuniculus) are found 
state-wide, and, on the larger private and leasehold properties, sheep (Ovis aries), are 
the main stock grazed.  
Early Tasmanian records suggest that in addition to marsupials there was a high 
density of grass feeding birds found around waterways. These include Black Swan 
(Cygnus atratus), the Cape Barren Goose (Cereopsis novaehollandiae) and the native 
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hen (Gallinula mortieri) and other water fowl which are known to maintain lawns 
(Meredith 1852; Knopwood and Hookey 1929; Jones 1981; Conover 1991; Kotanen 
and Abraham 2006). 
While ‘marsupial lawn’ is the term commonly used in Tasmania (Pharo and 
Kirkpatrick 1994), this short vegetation has been variously named as short (alpine) 
herbfield (Jackson 1973; Kirkpatrick 1983; Taylor 2006), closed herbfield 
(Kirkpatrick 1975; Wahren et al. 2001), marginal herbfield (Kirkpatrick and 
Harwood 1983; Kirkpatrick 1988), short turf (Grubb 1986), grazing-lawn 
(McNaughton 1984; Person et al. 2003) and, vernal pool or ephemeral wetland 
(Boulton and Brock 1999; Bauder 2000; Johnson and Rogers 2003; Deil 2005; Pyke 
and Marty 2005).  
Lawns are commonly found around areas that are occasionally inundated (Vesey-
FitzGerald 1960; Jackson 1973; Kirkpatrick 1997; Johnson and Rogers 2003) and 
subject to intense grazing. For example, grazing of swales was found to be three 
times greater than on other topographical features in a Colorado study (Milchunas et 
al. 1989). This wetland subset of lawns is the subject of, and the motivation for, this 
research. The association with damper areas makes these lawns vulnerable to damage 
and loss, particularly from changes in land management (Cingolani et al. 2003; Deil 
2005; Rhazi et al. 2005) and climate change (Pyke 2005; Pyke and Marty 2005; 
Dunlop and Brown 2008). Yet there is little knowledge or understanding of lawn 
dynamics in Tasmania, in particular the maintenance of the boundaries between 
lawns and adjoining taller vegetation, their structural stability, biodiversity and other 
conservation values.  
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1.1 Thesis Aims 
The major research question this thesis addresses is: What maintains the lawns 
associated with wetlands in Tasmania? In answering this three sub questions are 
addressed:  
1. Are they genuine marsupial lawns? 
2. Do these lawns have a distinct biota? 
3. Is changing climate affecting their extent? 
The rest of Chapter One puts the research questions into the framework of what is 
known about natural lawns and reviews the literature on this vegetation structure. 
Chapter Two examines the role of vertebrate grazers and environmental factors 
either singly or interactively that may be responsible for the maintenance of grazing 
lawns. 
Chapter Three explores the plant and invertebrate biotic differences between lawns 
and the adjacent vegetation, to determine if there are distinctive biotic communities 
associated with grazing lawns and then examines the role of invertebrate grazers in 
maintaining the lawn sward. 
Chapter Four examines the role of changing climate in affecting grazing lawns in 
Tasmania. 
Chapter Five discusses the main findings from the study, future research areas and 
the conservation and management implications of the results.
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1.2 Lawn formation theory 
1.2.1 Vertebrate grazing 
A high density of grazing animals is the most widely accepted explanation put 
forward by ecologists for the formation and maintenance of natural lawns 
(Kirkpatrick 1975; McNaughton 1984; Milchunas and Lauenroth 1989; Fuhlendorf 
and Smeins 1997; Mountford and Peterken 2003; Kirkpatrick 2007). Such functional 
changes in plant composition brought about by heavy grazing can increase 
productivity (McNaughton 1976; Coppock et al. 1983; McNaughton 1990; Frank and 
McNaughton 1993; Hobbs 1996; McNaughton et al. 1997; Karki et al. 2000; 
Cingolani et al. 2003; Person et al. 2003; Verweij et al. 2006; Moe and Wegge 2008).  
The grazing lawn concept was first formulated in southeast Africa where the role of  
large herds of herbivores in keeping pastures in a favourable state was observed 
(Vesey-FitzGerald 1960; Bell 1971). This concept was developed further by 
McNaughton (1984) who coined the term, ‘grazing lawn grass communities’.  
Central to the theory of McNaughton’s (1984) of lawn formation, is the co-evolution 
of lawn species and their associated animals, through frequent intensive grazing 
selecting for prostrate, small-leaved, dwarfed ecotypes that are short in stature. While 
the plant morphology has been modified through grazing, the animal bite has evolved 
to efficiently capture and outcompete other herbivores for green leaf resources, 
through increased yield per bite as well as the ability of some herbivores to graze 
plants < 2 cm in height (McNaughton 1984; Murray and Illius 2000). The co-
evolution theory is one that continues to receive support in more recent studies 
(Hobbs 1996; Augustine and McNaughton 1998; Bond and Archibald 2003; Adler et 
al. 2004), though the reciprocal evolution suggested by Ehrlich and Raven (1964), 
that benefits the two partners, is yet to be fully demonstrated.  
Three main responses of plants to grazing disturbance have been classified by Noy-
Meir et al. (1989): decreasers (protection increasers) which occur only or in greater 
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numbers in ungrazed or lightly grazed situations, and which are tall and erect and 
generally palatable; increasers which are small and prostrate or have a rosette form 
(and which are adapted to or tolerate grazing); and invaders which only occur after 
severe disturbance.  
Plants may have evolved chemical or morphological grazing defences but Gordon 
and Lindsay (1990) found only a few cases in their literature review where herbivores 
can actually ‘manage’ their food resources. An example of an herbivore increasing 
the proportion of palatable species in the sward was reported for black-tailed prairie 
dogs (Cynomus leucurus) which behave in ways equated with farming their 
environment (Coppock et al. 1983). Gordon and Lindsay (1990) argue that this is 
more the exception than the rule, as it requires the ability to defend a territory to stop 
other herbivores benefiting from the accumulated “managed” fodder.  
1.2.2 Invertebrate grazing 
Grazing research, with respect to the role of grazers in structuring vegetation, has 
largely focused on mammals and research into their composition, distribution, 
density, life cycle and preferred feeding habits. However, very few studies have done 
the equivalent for invertebrates and investigated the invertebrate biota of natural 
grasslands and lawns, and the role that these might have in either excluding woody 
species or maintaining the lawn sward.  
The diversity of phytophagous (plant eating) insects is staggering and involves at 
least one-third of a million species. This contrasts this with 8500 species of birds and 
4500 species of mammals. There are nearly ten times more species of Lepidoptera 
(butterflies and moths) than all the birds and mammals combined. Current estimates 
suggest that phytophagous insects make up approximately one-quarter of all living 
species. Their hosts, green plants, make up a second quarter (Strong et al. 1984). 
Thus a first step in understanding what contribution invertebrates play to preventing 
woody species establishment would be to investigate what species are present on the 
lawn sward and whether this biota that is faithful to this vegetation type. 
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Many herbivorous invertebrate species are oligophagous and show strong preferences 
for particular plant species, or for plants in particular physiological stages. Examples 
include grass-feeding leafhoppers (Hemiptera: Auchenorrhyncha) where food quality, 
site and geographical location and plant N status in particular appear to play an 
important part in host-plant suitability (Walloff 1980; Hollier et al. 2005), and 
grasshoppers and cricket species (Orthoptera) that show clear preference for different 
species of grass or forb (Mulkern 1967; Petelle et al. 1979).  
In a Nigerian study of grass-feeding termites (Trinervitermes germinatus), it was 
estimated that termites remove up to 0.083 g m2/day with a mean of 0.042 m2/day  
and that these termites show distinct preferences for different grass species related to 
their mechanical and physiological characteristics (Ohiagu and Wood 1976). 
Grasshoppers and crickets also consume grassland biomass. Under certain 
environmental conditions they consume as much as some vertebrate grazers (White 
1974; 1978; Hewitt and Onsager 1982; Onsager 2000; Branson et al. 2006). 
The role that herbivorous invertebrates play in structuring grasslands through above 
ground herbivory has predominantly focused on agricultural pastures where many 
invertebrates are considered pests (Hewitt and Onsager 1982; Branson et al. 2006). 
However, these studies provide some understanding of what invertebrates contribute 
to biomass removal of plants and the way this could impact on lawn structure.  In 
addition the focus on soil quality in the agricultural landscape has increased the 
understanding of the role that invertebrates play in nutrient cycling, a significant 
factor in maintaining a healthy lawn sward (Holland and Detling 1990; Curry 1994; 
Bardgett et al. 1999). 
Below ground, numerous invertebrates are at work feeding on roots, rhizomes and 
other storage organs (Hunter 2001). One group of invertebrates is the herbivorous 
nematode community that comprises taxa that feed on a range of plant tissues of 
different plant species (Yeates et al. 1993). The effects of root herbivory on plants are 
not restricted to loss of root tissue. In mixed-grass prairie, for example, root-feeding 
can reduce annual net primary productivity by 16 times more than is actually 
consumed (Ingham and Detling 1990).  
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A southern African study of woody species encroachment into savanna is one of the 
very few studies that has investigated the effects of invertebrates on woody species in 
association with grasslands. In this study Hagenah et al. (2008) found that most 
herbivory was caused by invertebrates, and that both invertebrates and rodents 
damaged more seedlings in clipped than in unclipped savanna grassland, whereas the 
presence or absence of larger herbivores had no effect.  
As McNaughton (1983b) pointed out in an early paper on spatial patterns in Serengeti 
grasslands, if it was grazing alone that maintained vegetation patterns then ‘why has 
herbivory not acted to eliminate pattern in the community?’ This directs attention to 
the possible role of other factors in maintaining pattern in the community such as fire, 
nutrient cycling, climate and topography. 
1.2.3 Fire 
Of the many variables that interact with grazing to create lawns, fire is considered a 
main driver (Bond et al. 2004; Bond and Keeley 2005). Grazers, it is argued, are 
drawn to the new flush of growth following a fire and the intensity of grazing begins 
the process of creating lawns (Bond and Archibald 2003; Archibald et al. 2005). 
However, the low structure of lawns means there is no fuel to burn, so once a lawn is 
established in the landscape, if grazing and environmental variables remain stable, 
there it should remain.  Thus lawn boundaries should keep the lawn areas free from 
fire, but if the sward structure changes through a lack of grazing or invasion by 
tussock and woody species then the area becomes fire prone again. Archibald et al. 
(2005) experimentally tested the relationship of lawn formation and fire. They found 
that too many simultaneous fires in the landscape dilute the effect of grazing pressure 
by dispersing animals across the landscape. Furthermore, Archibald’s (2008) 
modelling (10-year simulations) for a South African savanna park (Hluhluwe 
iMfolozi) showed that increased frequency of firing and heavy rainfall reduced the 
area occupied by lawns the model assumed that after fire the landscape is no longer 
uniformly palatable and grazing becomes concentrated in ‘hot spots’.  
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Other authors also emphasize the importance of timing and frequency of firing a 
landscape; for example, too infrequent firing can increase woody species invasion 
into grasslands and lawns. Infrequent firing is attributed to high grazing pressure 
reducing aboveground grass biomass and thus the ability of the landscape to burn that 
in turn kills woody invaders. Another factor post fire is the addition of high seed rain 
(due to an increasingly fragmented landscape) combined with the ongoing 
disturbance of heavy grazing providing niches for woody seedling germination (Van 
Auken 1994; Scholes and Archer 1997; Van Auken 2000; Roques et al. 2001; Briggs 
et al. 2005). 
There has been some speculation that the extirpation of megafauna in Australia 
resulted in increased fuel loads that in turn led to more frequent and extreme fire 
events, ultimately leading to the dominance of pyrophilic vegetation (Flannery 1995; 
Williams et al. 2001). This speculation is supported by a study of White Rhinoceros 
(Ceratotherium simum), a species of megafauna, now largely lost in most ecosystems. 
Waldram et al. (2008) suggest that these megaherbivores are keystone species that 
maintain the grass sward and in the process provide an ecosystem function that could 
not be replaced by smaller grazing species. The grazing by Rhinos, it is argued, 
facilitated other short-grass specialist grazers of the landscape in a similar way that 
other megaherbivores might have before their extinction. 
1.2.4 Competition 
Competition between species is considered one of the major determinants of 
community structure and function (Grace and Tilman 1990) and has been 
hypothesized as a reason for grasslands within a wooded landscape (McNaughton 
1983b; Mills et al. 2006). Studies have found that grass species can outcompete each 
other (Adler et al., 2001, Fowler, 2002, Grubb, 1986) and prevent woody species 
from establishing (Fensham and Kirkpatrick 1992a; Scholes and Archer 1997). 
However, in an Australian woodland study, Clarke and Davison (2001) found that 
although woody seedlings could establish in grassland after experimental disturbance 
of the ground (e.g. remove cover, scarify soil), that the ultimate limiting factor in 
woody establishment was seed supply and dispersal range.  
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Knoop and Walker (1985) focused on below ground competition for water between 
grasses in an Acacia community and found that the grasses were able to take up 
topsoil (0-30 cm) water sufficiently rapidly to reduce drainage into the subsoil (30-
130 cm) thus lowering the amount of subsoil water available to woody plants. In 
another study on root competition for resources on grazing-lawns, Milchunas and 
Lauenroth (1989) found that grazing affected below ground root structure. Just as 
above ground grazing pressure on lawns produced greater uniformity in the 
horizontal distribution of plant biomass, there was a more uniform and horizontal root 
structure. This, they suggested, would permit a more complete exploitation of a 
volume of soil. Favourable locations for establishment of invading woody species 
would be less likely to occur where root densities are uniform. In addition without the 
need to grow woody stems and the root systems to support them, grasses are quick 
responders to pulsed resources, fire, and herbivory (Bond 2008).  
Woody species establishment could also be prevented by unfavourable soil biota. 
Ellis and Pennington (1992) suggested that the soil mycorrhizal associations were the 
cause of the failure of Eucalyptus delegatensis to establish in Poa grassland. 
Eucalypts could establish in grasslands, but only when some of the adjoining eucalypt 
forest soils were added to the grassland soil.  
1.2.5 Climate, moisture, topography and soils  
Climate, particularly the incidence and seasonality of rainfall, is integral to many 
theories attempting to explain variation in vegetation structure in the landscape 
(McNaughton 1985; Milchunas and Lauenroth 1993; Polis 1999; Chaplin et al. 2002; 
Verweij et al. 2006). In a landscape that is grass dominated, too much rain, creates 
multiple flushes of new growth drawing grazers to the new growth, thus leading to 
the demise of existing lawns (Archibald 2008). It could be presumed that this effect is 
less likely to occur where lawns are smaller patches within a forested landscape or 
where the animal population is of such a density that it keeps pace with the new 
growth. Most studies show a positive link between lawns and high moisture levels 
(Milchunas et al. 1989; Cingolani et al. 2003). Cingolani (2003) found that all wet 
habitats had a lawn physiognomy in an Argentine granite grasslands study. 
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Conversely, in water or nutrient-poor systems, unpalatable species have been shown 
to increase with grazing (Hobbie 1992; Sharp and Whittaker 2003; Diaz et al. 2007). 
At higher altitudes the maintenance of short herbfields has been attributed to the 
following factors: extended periods of snow cover, that insulates vegetation from 
winter temperature extremes and as the snow melts the fine material that has 
accumulated provides an ideal habitat for herbaceous growth (Gibson and Kirkpatrick 
1985); severe frosts, particularly in the early seedling stage or where moist soils can 
be subject to needle ice that can displace woody seedlings (Davidson and Reid 1987; 
Kirkpatrick 1999; Kajimoto 2002); a short growing season and high water availability 
(Jackson 1973; Weir and Wilson 1987; Atkin and Collier 1992; Walker and 
Halfpenny 1993; Wahren et al. 2001).  
Tinley (1982) argues that ‘soil moisture balance’ is the most significant edaphic 
feature in determining ecosystem patterns, as it overrides all other properties or 
influences their effects. While he does not mention grazing lawns, he maintains 
grasslands are not the result of interacting effects of fire and/or frost but the presence 
or absence of a hardpan that affects the surface texture of the soils and determines the 
level of moisture recharge and the amount of water remaining in the soil after rain. 
He argued that it is the excess of soil moisture on a perennial or seasonal basis that is 
a major factor determining the presence of open grasslands. Under this scenario 
grasslands are the result of impeded draining due to perched gley-like podzolic soils. 
It is not only excessive waterlogging during the growing period in the rains, but also 
the excessive drying out of the soils in the dry season, that kills back any woody plant 
root development. This theory was supported by the observations of Fensham and 
Kirkpatrick (1992b) in a woodland in the Australian Northern Territory. 
Where woody plant invasion does occur, Tinley (1982) maintains that it is due to 
suitable soil moisture balance. He gives the example of the highveld where the best 
water balance and aeration is on rock outcrops and in gullies. Here the woody species 
are found. However, reduced fire frequency, not soil moisture balance, is the reason 
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generally put forward for the presence of woody plants on these sites (Smith and Sage 
2006; Penman et al. 2007). 
Shallow soils over rocky dolerite surfaces and the inability of woody seedlings to 
tolerate drought years has been hypothesised as a cause of hilltop grasslands 
dominated by Poa spp. by Kirkpatrick (1999). Johnson and Rogers (2003) also 
speculate that it is the cycle of alternating wet/dry states that may create lawns.  
The alternating wet/dry systems that are characteristic of lawns found on ephemeral 
wetlands can both impede and facilitate nutrient cycling. Desiccation causes many 
fundamental changes to sediment properties and chemical features of an ephemeral 
wetland, for example drying increases the mineralisation rate of organic N and C, and 
may kill a large proportion of the sediment microbiota. As a result significant 
amounts of N and P may be released on rewetting (Meintjes et al. 1994; Baldwin 
1996; McComb and Qui 1998; Boven et al. 2008).  
Milchunas et al. (1988) hypothesize that water stress and grazing stress are similar in 
that both periodically result in partial or total loss of plant organs. They argue that 
tolerance to one necessarily includes tolerance to the other. Both drought and 
herbivory provide selection pressures to minimize the impact of the loss of individual 
plant organs. The suggestion is that the same characteristic that enables a plant to 
evade grazing can act to conserve or more effectively use moisture. For example, 
basal meristems, protected by basal sheaths, may help the plant withstand drought as 
well as helping it to avoid grazing (Mooney and Gulmon 1982). While in areas where 
there is a long evolutionary history of grazing, horizontal tillering or spread by 
rhizomes and stolons is a way that the plants have evolved to counteract both stresses 
(Mack and Thompson 1982; Diaz et al. 2007). 
Vertisol soils, that is, soils in which there is a high content of expansive clay 
(montmorillonite) form deep cracks in drier seasons or years. Heaving of the 
underlying material to the surface often creates microrelief known as gilgai 
(McDonald et al. 1990). This combination of cracking and swelling favours plants 
with caespitose root systems (which is the structure of many lawn species but also 
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tussocks), and annuals that require their seeds to be held at depth in the soil, while 
making life difficult for woody tap root species. The alternate drying and cracking 
means these soils are unstable and thus more likely to be covered in natural 
grasslands than forest (Sarmah et al. 1996; Kirkpatrick 1999; Chinn and Pillai 2008).  
The question as to which comes first, soil composition or grazing, is a question posed 
by Mouissie, Apol et al. (2008). They suggest that changes to the structure of 
vegetation patterns by grazing can cause changes in the soil, for example by 
trampling compacting soil and nutrient cycling changing abiotic conditions. From 
their modelling of grazing-plant interactions they suggest grazing determines soil 
composition and hence vegetation. 
1.2.6 Waterlogging and salinity 
Comparatively few species can tolerate persistent waterlogging (Atkin and Collier 
1992; Funes et al. 2001). Anaerobic soil conditions can limit the uptake of nutrients 
(Baldwin 1996; Drew 1997). Similarly seeds of many woody and herbaceous species 
have a limited tolerance of waterlogging (Bekker et al. 1998). Soil inundation inhibits 
root formation and branching, and growth of existing roots and mycorrhizae. Salinity 
induces injury, inhibits seed germination and vegetative and reproductive growth, 
alters plant morphology and anatomy, and often kills non-halophytes (Pedersen 1993; 
Chhabra and Kumar 2008). Combined flooding and salinity decreases growth and 
survival of plants more than either stress alone (Kozlowski 1997). Waterlogging was 
not found to be a factor that excludes woody species in relation to grassy clearings by 
Fensham and Kirkpatrick (Fensham and Kirkpatrick 1992a) but was confirmed as a 
reason for inverted treelines (Gilfedder 1988).  
1.2.7 Nutrient cycling  
Nutrient cycling, both above and below ground, is a significant influence on soil 
quality and thus the productivity of lawn forage. The deposition of dung and urine by 
herbivores represents a major input of nutrients to grazing lawns (McNaughton 
1983a; Day and Detling 1990; McNaughton 1990; Hobbs 1996; McNaughton et al. 
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1997; Karki et al. 2000; Johnson and Matchett 2001; Walker et al. 2003). The 
increased nutrients and productivity in the sward can result in preferential grazing of 
urine patches compared to adjacent vegetation (Day and Detling 1990).  
Hobbie (1992) argues that it is the characteristics of plants that determine nutrient 
availability as much as other factors. Plant-specific differences in uptake, litter 
quality and associations with microbes, to differences in effects on herbivory can 
potentially affect nutrient cycling in a variety of ways (Walker et al. 2003). Species 
that grow quickly, such as those that are found on lawns, may take up and lose 
nutrients rapidly, produce high quality litter and sustain high rates of herbivory, all 
factors that result in rapid rates of nutrient cycling (Hobbie 1992). Those species that 
grow on nutrient-poor soils tend to produce litter that decomposes slowly while plant 
species on fertile soils tend to produce more easily degraded litter (Hobbie 1992). 
1.3 Climate change 
Warming of the climate system is unequivocal. The average temperature of the 
Earth's surface has increased by an estimated 0.74 [0.56 to 0.92] °C in the last 100 
years (1906-2006). Eleven of the last twelve years (1995-2006) rank among the 
twelve warmest years in the instrumental record of global surface temperature (since 
1850) (IPCC 2007).  
The effects of such a temperature increase might include more frequent extreme high 
maximum temperatures and less frequent extreme low minimum temperatures; a 
decrease in snow cover; an increase in the variability of climate, with changes in both 
the frequency and severity of extreme weather events; alterations to the distribution 
of certain infectious diseases; and rising sea levels (McMullen and Jabbour 2009).  
As the climate warms, the geographic location of climatic envelopes will shift 
significantly, possibly even to the extent that species can no longer survive in their 
current locations (Dunlop and Brown 2008). As human activities, particularly 
agriculture, but also settlement and industrial development, have expanded over the 
last few centuries, natural vegetation has been cleared and wetlands drained. Once-
extensive plant communities have been reduced in size and broken into smaller 
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patches. This habitat reduction and fragmentation poses a problem because it limits 
the ability of many species to migrate to areas with favourable conditions. In general, 
those species with restricted climatic envelopes, small populations and limited ability 
to migrate are most likely to suffer in the face of rapid climate change (Rosenzweig et 
al. 2008; McMullen and Jabbour 2009).  
Global climate change impacts can already be tracked in many physical and 
biological systems; in particular, terrestrial ecosystems provide a consistent picture of 
observed changes. One of the indicators is phenology, the science of natural recurring 
events, as their recorded dates provide data of shifts in timing. Thus, numerous 
analyses have demonstrated an earlier onset of spring events for mid and higher 
latitudes and a lengthening of the growing season (Parmesan 2006; Rosenzweig et al. 
2008).  
Menzel et al (2006) used more than 125 000 observational series of 542 plant and 19 
animal species in 21 European countries (1971–2000). Their results showed that 78% 
of all leafing, flowering and fruiting records advanced (30% significantly) and only 
3% were significantly delayed, whereas the signal of leaf colouring/fall is ambiguous. 
Their analysis of 254 mean national time series undoubtedly demonstrates that 
species’ phenology responds to temperature of the preceding months (mean advance 
of spring/summer by 2.5 days ˚C-1, delay of leaf colouring and fall by 1.0 day ˚C-1). 
The pattern of observed change in spring efficiently matches measured national 
warming across 19 European countries (correlation coefficient r = -0.69 P = < 0.001). 
Southeastern Australia 
Changing climate is affecting the differing regions in Australia in differing ways. 
Southeastern Australia (SEA) has suffered from 10 years of low rainfall from 1997 to 
2006. A protracted dry spell of this severity has been recorded once before during the 
20th century, but current drought conditions are exacerbated by increasing 
temperatures. Most of the rainfall decline (61%) has occurred in autumn (March–
May). Daily maximum temperatures are rising, as are minimum temperatures, except 
for cooler nights in autumn in the southwest of SEA closely related to lower rainfall 
(Dunlop and Brown 2008; Murphy and Timbal 2008).  
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El Niño-Southern Oscillation impacts on SEA rainfall, as does the Indian Ocean, but 
neither has a direct influence in autumn. Trends have been found in both hemispheric 
(the southern annular mode) and local (sub-tropical ridge) circulation features that 
may have played a role in reducing the number and impact of mid-latitude systems 
around SEA, and thus reducing rainfall (Dunlop and Brown 2008; Murphy and 
Timbal 2008).  
Although patterns of change are not likely to be spatially uniform it is predicted that 
rainfall will fall as short high intensity bursts, resulting in quicker but decreased 
catchment runoff. Decreased rainfall and runoff will change terrestrial plant 
communities and in turn the pattern of wetland inundation. One consequence will be 
increased aridity in the landscape where periods of drought increase in frequency and 
intensity. This shift in climate is expected to modify the extent and timing of wetland 
inundation resulting in many wetlands becoming permanently dry, or with reduced 
flushing and an increase in salt concentrations (Dunlop and Brown 2008). 
 
1.4 Woody invasion of grasslands and climate change 
A dramatic increase in the abundance and density of shrubs and trees on 
predominantly C4 grasslands in many parts of the world (Africa, Australia, North 
America, South America) has been recorded over the last 125 years through historical 
accounts, census of permanent plots, photographs and repeated aerial photography 
(Hennessy et al. 1983; Archer et al. 1988; Archer 1989; Knight et al. 1994; Brown 
and Carter 1998; Lunt 1998; Archer et al. 2001; Price and Morgan 2008). This is 
likely to have been the result of several often interrelated and reinforcing changes 
including fire suppression, overgrazing, changes in rodent and browser populations, 
climate change and the 30% increase in atmospheric CO2 concentration (Archer 
1989; Bahre and Shelton 1993; Polley et al. 1996; Costello et al. 2000; Van Auken 
2000; Sharp and Whittaker 2003). Production of grasses and other herbaceous species 
in many of these systems declines following woody invasion (Hobbs and Mooney 
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1986; Heitschmidt and Dowhower 1991; Lunt 1998; Sharp and Whittaker 2003; Price 
and Morgan 2008). 
The Clementsian traditional disturbance/succession paradigm for viewing changes in 
grasslands has been asserted to be inadequate in explaining observed changes (Sharp 
and Whittaker 2003; Briggs et al. 2005) and new models have been devised that 
include disturbance thresholds, stochastic events, and potentially complex 
interactions between various ecological factors as determinants of nonlinear and 
potentially irreversible ecosystem transformations (Westoby et al. 1989; Laycock 
1991). 
One recent model uses Hierarchical Patch Dynamics Paradigm (HPDP) (Wu 1999; 
Wu and David 2002) to explain tree density in savannas (Gillson 2004). This model 
attempts to show how processes such as woody encroachment are hierarchically 
structured in space and time, based on analysis of fossil pollen and stable carbon 
isotopes, found in savanna areas. The argument is that stability in vegetation at the 
landscape scale (102 km2) contrasts with dynamic patterns of vegetation change at 
micro scales. The results are consistent with a shifting mosaic hypothesis (Watt 
1947); individual patches of vegetation undergo asynchronous transitions between 
grassland, wooded and intermediate phases, but the total number of patches in each 
phase remains constant and thus at larger spatial scales, vegetation remains stable. 
Thus tree density in savannas, it is argued, is constrained by a hierarchy of processes 
whose influence is apparent at different spatial scales.  
Whether this model or any other will be able to adequately incorporate climate 
change and what appears to be irreversible shifts from one vegetation community to 
another, as recorded in an Australian savanna study (Sharp and Whittaker 2003), or to 
no vegetation at all, as in Sahel, Africa (Zeng 2003) will continue to be debated. 
1.5 Conclusion 
Explanations for the existence of differing vegetation structures, such as grasslands 
and forests, have long been debated in ecology, and the differing biomes attributed to 
biotic or abiotic factors. Proponents of the differing theories have generally strongly 
Chapter One: Introduction  
 18
aligned themselves with either ‘top-down’ controls such as herbivory and fire versus 
the ‘bottom-up’ advocates who suggest the drivers of vegetation are climate, 
topography and soils (Table 1). 
As Bond (2008) acknowledges, the lack of consensus on the major determinants of 
savannas is embarrassing to the community of ecologists. He queried whether the  
paucity of research and conservation of grasslands and their biota relative to forests 
was because of the pervasive hypothesis that grasslands are an anthropogenic artefact 
“early successional” vegetation created by clearing and burning of forests. Yet as he 
points out, there is evidence that these biomes existed when human populations were 
sparse or nonexistent. Grassy biomes are millions of years old, and the rich biota 
endemic to many grassy ecosystems belies their supposedly anthropogenic origins 
(Dupont et al. 2000; Bond et al. 2005).  
While much of the debate has focused on explaining grasslands, lawns are a subset of 
grasslands, and those associated with wetland areas another subset again, but 
nevertheless the bigger debate is pertinent to the genesis of lawns. Is this turf 
structure the result of top-down or bottom-up controls on ecosystem function or both, 
and how will lawns fare in a changing climate?  
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Table 1.1 Explanations for the processes for the prevention of woody plant dominance 
in grass and/or herb-dominated vegetation.  
 
Top Down 
 
1. Grazing pressure  
a) a constant high density of 
herbivores graze the grasses and herbs 
and in the process remove woody 
seedlings and cultivate a sward  
e.g. Newsome 1975; McNaughton 1984, 
1990, 1993; Kirkpatrick 1975, 2007; Kariki et 
al. 2000; Posse et al. 2000 Williams et al. 
2001; Waldram et al. 2008 
b) the evolutionary response of 
grasses and herbs to grazing pressure 
means they outcompete woody 
species e.g. morphology of herbs, quick 
recovery from total loss of organs, 
vegetative propagation 
e.g. Mooney and Gulmon 1982; McNaughton 
1984; Milchunas et al. 1988; Noy-Meir 1989  
2. Fire  
Fire destroys woody species and 
grazers are drawn to the flush of new 
growth and the intensity of grazing 
prevents dominance by woody plants 
e.g. Van Auken 2000; Roques et al. 2001; 
Bond et al. 2004; Bond and Archibald 2003; 
Bond and Keeley 2005; Briggs et al. 2005 
 
Bottom Up 
 
3. Topography, soil moisture balance, 
soil texture impeding draining, shallow 
soils, alternating dry/wet states affect 
woody establishment 
e.g. Tinley 1982, Milchunas et al. 1989; 
Fensham and Kirkpatrick 1992b; Milchunas 
and Lauenroth 1993; Kirkpatrick 1999, 
Johnson and Rogers 2003, Meintjes et al. 
1994, Pollis 1999; Boven et al. 2008 
4. Climatic conditions: severe cold 
e.g. inverted treelines, frost hollow  
e.g. Davidson and Reid 1987; Kirkpatrick 
1999; Kajimoto 2002; Shi 2008 
5. Waterlogging creating unfavorable 
conditions for woody germination and 
survival  
e.g. Gilfedder, 1988, Bekker et al. 1998  
 
6. High salinity few woody species can 
survive in these conditions 
e.g. Pederson 1993; Kozlowski 1997 
 
7. Competition between species (above 
and below ground) for resources, e.g. 
shallow rooting herbs and grasses are 
quick to take up high nutrients provided 
by scats and urine 
e.g. McNaughton 1983a, Grace and Tilman 
1990; Mills et al. 2006; Fensham and 
Kirkpatrick 1992a; Hobbs 1996; Scholes and 
Archer 1997; Knoop and Walker 1985; 
Milchunas and Lauenroth 1989 
8. Soil mycorrhizal associations 
creating unfavorable soil biota for 
woody species to establish 
e.g. Ellis and Pennington 1992 
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2 Explaining the ‘natural lawn’ phenomenon in 
coastal and alpine Tasmania  
2.1 Introduction 
Native vertebrate grazers have been identified as one of the main agents in the 
formation of natural lawns (McNaughton 1984; Milchunas and Lauenroth 1989; 
Karki et al. 2000; Archibald 2008). In Tasmanian reserves and areas on private land 
protected from stock, the main vertebrate grazers are the marsupials: Bennett’s 
wallaby (Macropus rufogriseus); Forester kangaroo (Macropus giganteus 
tasmaniensis); common wombat (Vombatus ursinus); Tasmanian pademelon 
(Thylogale billardierii) and common brushtail possum (Trichosurus vulpecula). In 
addition naturalised introduced European rabbits (Oryctolagus cuniculus) occur state 
wide.  
Top-down grazing is just one of a number of possible ways that lawn vegetation is 
shaped. Other factors such as climate, topography and soil have each been identified 
together or separately as important in determining this structure type in the landscape 
(Milchunas and Lauenroth 1989; Cingolani et al. 2003; Diaz et al. 2007; Archibald 
2008; Bond 2008).  
A turf vegetation structure is often found in areas that are occasionally inundated 
(Bell 1971; Milchunas and Lauenroth 1989; Johnson and Rogers 2003; Kröger and 
Rogers 2005). Marsupial lawns in Tasmania are also commonly found around 
waterways and areas subjected to inundation (Jackson 1973; Kirkpatrick 1997). Areas 
that are temporary and unpredictable in their water regime and are unlikely to 
permanently support macroscopic aquatic life are referred to as ‘temporary’ or 
‘ephemeral wetlands’ (Boulton and Brock 1999; Johnson and Rogers 2003).  
This ‘state of unpredictability’ raises the question as to whether it is the alternating 
dry/wet state, and the extreme conditions plants are subjected to under this regime, 
that is more critical to maintaining lawn structure, than grazing. Ephemeral wetlands 
can be in their ‘dry state’ for long periods and in the agricultural setting are 
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particularly vulnerable to damage and loss through land management practices. In the 
natural setting these areas are also vulnerable to water management practices that 
affect hydrology of an area as well as other impacts such as climate change.  
2.2 Aims 
In addressing the overall aim of the thesis “What causes and maintains the lawns 
associated with wetlands in Tasmania?” this chapter examines the separate and 
interactive roles of environmental variation and grazing pressure on the formation 
and maintenance of natural lawns and whether the term ‘marsupial lawn’ is an apt 
description for this vegetation structure in Tasmania.  
The approach will be to test the hypothesis that the lawn boundary is maintained 
by exclusion of taller plants by grazing animals. The potential mechanisms for this 
exclusion that are covered are: 
1) Vertebrate, particularly native marsupial, grazing pressure;  
2) Environmental conditions; and  
3) The interaction of grazing and environmental factors. 
 
Plant nomenclature in the thesis follows Buchanan (2007).  
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2.3 Methods 
2.4 Study Design 
To test the separate and interactive roles of environmental variation and grazing 
pressure on the formation and maintenance of natural lawns one high altitude and one 
low altitude study areas (also referred to as sites) were chosen. The following criteria 
were used to select two study areas: domestic stock had been removed for at least 15 
years; native prostrate, small-leaved, non-woody species were dominant; there was a 
distinct lawn–non-lawn boundary; the lawn area was greater than 3,000 m2 and fire 
had not been through the area for over 30 years. The highland site dimensions and 
easterly aspect were used to choose similar aspect and dimensions for the lowland 
site. Only one site in each altitude was chosen as altitude was not a factor being 
tested. Twenty lawn 5 × 5 m plots were matched with 20 5 × 5 m plots in the 
adjoining bush.  
An alternative design, that would have given more replication, would have been to 
have more sites with fewer measurements, but the first option was favoured as more 
likely to provide a more detailed insight into lawn dynamics. In addition, the 
similarity of the natural lawns within a few kilometres of the areas at each altitude 
confirmed that the chosen lawns were representative (Kirkpatrick and Harwood 1983; 
Taylor 2006). This gives confidence that these findings can be generalised to other 
natural lawns.  
2.5 Study Sites 
2.5.1 Central Plateau 
The Central Plateau, in central Tasmania (Figure 2.1), is a gently undulating highland 
area largely formed of Jurassic dolerite (Banks 1973). The study area (41º51′20″ S, 
146º30′54″ E, alt 1151 m) is at the south west end of Lake Augusta (1150 m), south 
of Carter Lakes and is approximately 150 m from the lake shore. It is within a sand 
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dune complex thought to have formed during the mid-Holocene arid period 
(Bradbury 1994) The dune complex consists of a series of parabolic dunes 1.5 km 
long and between 60 and 300 metres wide. It is composed of actively eroding cliffs, 
beaches, swales and blowouts which in places are eroded back to an iron cemented 
illuvial horizon (Pharo and Kirkpatrick 1994). The dunes are largely covered with 
alpine heath with lawns found in swales (Pharo and Kirkpatrick 1994).  
 
Figure 2.1. Tasmania’s location in relation to Australia; and the Central Plateau and 
Bangor site locations within Tasmania. 
The mean annual rainfall at Liawenee is 1042 mm (1984-2007, Bureau of 
Meteorology, 2007). This is the closest meteorological station, and is 1065 m asl and 
approximately 12 km from the study area, which at 1150 m asl would receive more 
precipitation. At Liawenee, the mean daily maximum and minimum temperatures for 
the coldest month July, are 5.5˚C and -1.5˚C and hottest month February, are 18.7˚C 
and 5.5˚C. Snowfalls can occur at any time of the year, but there is no persistent snow 
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cover during the winter months. Winds are predominantly westerly. The study site 
lies below the climatic treeline, but is alpine in the sense of Kirkpatrick (1983). Stock 
grazing took place in the past but is now absent. The Lake Augusta area was subject 
to burning by graziers until 1978 (Corbett 1996) but has not been disturbed by fire 
since and vegetation on the sand dunes does not appear to have been burnt since the 
1960s (Bridle et al. 2001) (Figure 2.2). 
 
Figure 2.2  Central Plateau site, March 2005.  
2.5.2 Bangor Station 
Bangor Station is situated on the northern end of the Forestier Peninsula (S 
42˚52΄43.8″ S, 147˚55΄20.2″ E, alt 6 m) in southeast Tasmania (Figure 2.1). The site 
chosen on the Bangor property is located 600 m from the sea. The study area lies at 
the southern end of a large lawn. The large lawn is bounded at the far northern side 
by bush clad hills rising to around 140 m and on the far eastern side, again not 
immediately adjoining the study area, by bush clad hills rising to 20 m in height.  
Bangor station has been in the Dunbabin family since the late 1800s. There have been 
a number of attempts to drain the study area over the intervening years, none of them 
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particularly successful and none in the last 60 years. Due to the area being very wet, 
particularly in winter, it was rarely used for stock (Tom Dunbabin pers. comm. 2007). 
Stock were removed from the site in 1990 (15 years prior to the start of the 
experiment) and the area fenced. The last major fire through the area was in the late 
1960s, 40 years prior to the start of the experiment (Tom Dunbabin pers comm. 
2007).  
Bangor station has kept its own rainfall records since 1966. It has an average annual  
rainfall of 723.2 mm. Rainfall for the study period was 645 mm in 2005 and 475 mm 
in 2006. The closest meteorological station to Bangor is Orford (1951-2007, 14 m asl 
and  approximately 22 km away) where the mean daily maximum and minimum 
temperatures for July were 13.1˚C and 3.5˚C and February were 22.0˚C and 12.1˚C 
(Bureau of Meteorology, 2007).  
2.5.3 Site layout 
The observations and experiments at each site were designed to test the factors that 
maintain the lawn structure and impede or facilitate woody invasion of the lawn; 
grazing pressure, environmental factors and the interaction of the two. 
The focus in designing field observations was the boundary between lawn and bush 
(bush is a term used here to describe vegetation that is not lawn). A 5 × 5 m grid 
pattern was chosen to give sizeable experimental plots either side of the lawn-bush 
boundary and in zones progressively more distant from the boundary.  
2.5.4 Central Plateau site layout 
Eighty by forty metres of the lawn was gridded into squares (5 × 5 m). As the lawn 
boundary is not straight only grid squares with more than 75% lawn cover were 
included (total squares = 110). The lawn area was then stratified into two zones 
(Figure 2.3). Zone 1 (43 plots) immediately adjoined the lawn–bush boundary (0-5 
m) and zone 2 (67 plots) was 5-20 m from the boundary. Ten plots were then 
randomly selected from zone 1 and 10 from zone 2. Each plot was paired with a plot 
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of the same dimensions on the bush side of the lawn-bush boundary, an equal 
distance into the bush from the lawn edge. Bush edge plots (zone 3) immediately 
adjoined the lawn and bush centre plots (zone 4) were further away. Bush plots were 
a mirror image of the lawn. For example, lawn plot 13 is 15 m into the lawn and bush 
plot 13 is 15 m into the bush from the boundary (Figure 2.3). 
W B5 5
6 B6
B4 4 7 B7
8 B8
B3
3 9 B9
B2 B1 1 2
10 11 B11 B10
B20 20 m 20 12 B12
13 B13
B19 20 m 19 14 B14
17 15 B15
18
B18 16
B17 B16
 Zone 1.  Lawn edge plots,  0 - 5 m from lawn-bush boundary
 Zone 2.  Lawn centre plots  5 - 20 m from lawn-bush boundary
 Zone 3. Bush edge plots. A mirror image of lawn plots
Zone 4. Bush centre plots. A mirror image of lawn plots
 
Figure 2.3. Experimental design of Central Plateau site, each grid square is 5 × 5 m. 
Plots 1-20 are lawn plots and plots with a prefix of B are bush plots. 
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Bangor site layout 
To match the approximate dimensions of the Central Plateau site, one end (80 × 40 
m) of a large lawn (c. 400 × 200 m) was established as the site at Bangor. Because the 
lawn site at Bangor was a small part of a much larger lawn the lawn–bush boundary 
was only in two directions (Figure 2.4). The experimental design on the lawn was the 
same as for the Central Plateau. The 10 lawn plots in zone 1 were matched with 10 
bush plots in zone 3. Due to the bush bordering only two sides of the lawn and 
difficulty in physically accessing the bush beyond the first 10 m on the western side 
of the lawn the remaining 10 bush centre plots (zone 4) were positioned along a 
transect that ran parallel to and 50 m from the southern and longest (80 m) side of the 
lawn. The bush plots were randomly located on either side of the transect (Figure 
2.5).  
 
Figure 2.4. Bangor site showing layout of the 5 × 5 m grid squares, June 2005. The 
closest grid square marks the eastern edge of the site layout. The bush seen in the 
distance adjoins the southern and western sides of the lawn plots. 
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W
B9 B10
B20 B8 11 9 10 8
B19 6 7
12
B18 B7
13 5
B17 B6 14 20
15
B16 3
B5 16 19
B15 B4 4
B3 17 18
B14
B2 2
B13 1
B1
B12
 Zone 1.  Edge plots 0-5 m from lawn-bush boundary
B11  Zone 2.  10 - 40 m from lawn-bush boundary
 Zone 3. Bush edge plots 0-5 m from lawn-bush boundary
Zone 4. Bush centre plots
100 m bush transect,  50 m from lawn-bush boundary
1 m
9 m
19 m
31 m
47 m
59 m
73 m
81 
90 m
100 m
 
 
Figure 2.5. Experimental layout for Bangor site, each grid square is 5 × 5 m. The 100 m 
bush transect is not shown to scale. Distance along the transect are shown next to the 
plots. Plots 1-20 are lawn plots and plot numbers with a B prefix are bush plots. 
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2.6 Grazing Pressure 
2.6.1 Scat counts as a proxy for utilisation of an area 
The abundance of scats (dung) is a good proxy for the utilization of an area for 
feeding by macropods, because they mainly defecate while feeding  (Johnson and 
Jarman 1987). This approach has been used successfully in numerous studies of 
macropods (Hill 1981; Coulson and Raines 1985; Johnson and Jarman 1987; Vernes 
1999; Bulinski and McArthur 2000; Bridle and Kirkpatrick 2001). Compared with 
such herbivores as deer, macropods produce deposits of relatively few pellets. This 
often causes difficulty in defining a group; this is eliminated by counting individual 
pellets rather than groups (Perry and Braysher 1986). 
While scat counts are useful for estimating animal abundance (Coulson and Raines 
1985; Southwell 1989; Bridle and Kirkpatrick 2001) there is variation in defecation 
rate with activity (Hill 1978; Johnson and Jarman 1987; Johnson et al 1987). 
Macropods defecate rarely while resting in the middle of the day, but do so frequently 
in the first hour of feeding after rising and with intermediate frequency during the 
night, then again more frequently while feeding and moving in the morning before 
lying down (Johnson et al 1987).  
This variation in defecation rates creates difficulties when using scats in the 
assessment of small-scale patterns of habitat utilization, such as the present study, 
which requires the assumption that defecation rate for macropods is when and where 
animals are feeding, or at least that defecation rate does not vary markedly with 
activity. Macropods in any given 24 hour period would be expected to spend more 
time in the bush compared to the lawn because of the cover the bush provides. Thus 
scats can be found in habitat where food is sparse.  
An example of where macropod scat counts were used to identify preferred habitat is 
a south-west Queensland study. Here grey kangaroos (Macropus canguru) were 
found to prefer a habitat with a thick cover more so than red kangaroos (Megaleia 
rufa, Desmarest) (Caugley 1964). In another northern Australian study of four species 
of kangaroo (Murphy and Bowman 2007), scats were much more abundant in burnt 
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areas in the moist habitats, but, in the dry rocky habitats, unburnt areas had higher 
scat abundance. This interactive effect of burning and habitat type on scat abundance 
was observed immediately (< 4 weeks) following fire, and was still present one year 
later.  
For wombats a different method of estimating abundance than transect or grid square 
counts is required. Wombat scats are dropped around the entrance to burrows, placed 
on top of raised objects or around the base of trees. Other behaviours observed 
include preparing the ground for defecation by scratching away the grass cover or 
defecating in established latrines (Taylor 1993).  
2.6.2 Scat collection methods 
Scats were cleared at the start of the experiment (June 2005) from lawn and bush 
plots at both sites. Scats were collected monthly apart from the start of the experiment 
when the scats were collected after 10 (August 2005) and 7 (October 2005) weeks 
respectively. Mean monthly scat counts were calculated for these periods and for 
analysis and comparison across time were described as scat counts for July-August 
and September-October 2005.  
The Central Plateau lawn site was inundated from August 2005 till February 2006. 
During this period only bush scats were picked up monthly. Lawn scats were again 
collected from February – May 2006, though on the May visit the lawn was about one 
third under water. By June 2006 the lawn was completely submerged and only bush 
scats were collected (Figure 2.6).  
Scats collected were wallaby and pademelon (these were grouped for analysis and 
will be referred to as wallaby), wombat, rabbit and possum. Possum numbers were 
small and these were not used in the final analysis.  
Initial surveys showed that lawn and bush wombat scat deposition behaviour was 
different for the two areas. On the lawn three latrines were found (only one of which 
was in a plot) while in the bush plots, scats were more uniformly distributed making 
use of any raised log or rock.  Thus on the lawn the decision was made to collect the 
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scats from the whole lawn (80 × 40 m) to include the three latrines but from the bush, 
scats were collected only from the 20 5 × 5 m plots. For analysis the two areas were 
compared but with the acknowledgement that as the two areas were different 
dimensions the bush scat counts may be an underestimation.  
Rabbits also generally deposit in latrines but this was not always evident on the 
lawns. Their scats were generally scattered across the 5 × 5 m plots, probably 
dispersed by wind or inundation. Rabbit scats were individually picked up and 
counted. 
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Figure 2.6. The Central Plateau site inundated October 2005. Square objects on water 
edge are exclosures covered in snow.  
2.6.3 Scat decomposition 
The rate of decomposition of scats in the field can vary within and between seasons 
and sites. To determine if monthly scat counts were a true estimate of animal activity, 
photo points were established in both bush and lawn plots at both sites. Fresh scats 
for this experiment were found in the morning following the clearance of scats in the 
plots the previous day. Photopoints were ‘in situ’ that is, fresh wallaby and wombat 
scats were left where found within the experimental area, marked and photographed. 
Several of the initial scat experiments were destroyed by enthusiastic field assistants 
collecting scats. At the Central Plateau four bush photopoints were established in 
December 2005 (one of these was accidently cleared), at this point the lawn was 
inundated and no photopoints were established on the lawn. At the Bangor site two 
bush scat photopoints and two lawn scat photopoints were established (one of each 
was lost). Trampling by animals was found to affect decomposition rates, so an 
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additional scat decomposition experiment using an exclosure (20 × 50 cm), was 
established on the south eastern edge of the lawn at the Central Plateau and Bangor 
sites in May 2006. Fresh scats (deposited at night in areas cleared the previous day) 
of wallaby, wombat, rabbit and possum (Bangor only) were collected and placed 
under the exclosure in species groupings, photographed and rephotographed June, 
July and August 2006 and in March 2007 and decomposition rate assessed by 
comparing number of intact scats, partially decomposed scats and missing scats.  
2.6.4 Grazing exclusion experiment 
To examine the impact of grazing pressure on woody seedling establishment on the 
lawn, an exclosure (X) was paired with a control (C) quadrat in each of the 20 
randomly located lawn plots (5 × 5 m) and in 10 of the 20 bush plots (5 × 5 m). The 
exclosures were constructed from wire mesh (25 × 20 mm) with dimensions of 0.5 m 
× 0.5 m and 0.2 m high, open on the bottom and held in place with aluminium pegs at 
each corner and at the midpoint along each side (Figure 2.7). The location of the 
paired exclosure and control quadrats on the lawn was determined by the presence of 
woody seedlings. Each plot was searched for woody seedlings which were then 
marked, numbered and randomly drawn for inclusion in the exclosure or control 
quadrat ensuring that these were not more than one metre apart. Where no seedlings 
were found exclosure and control quadrats were placed in the north east corner of the 
plot with the exclosure or control treatment randomly assigned.  
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Figure 2.7. Construction of wire exclosures (top left), control plots identified using 20 
cm aluminium pegs with hooked top sunk into ground marked with flagging tape (top 
right). Lower photo, Bangor site showing placement of some of the wire exclosures on 
the lawn site. 
To determine if understorey seedling regeneration was affected by browsing in the 
bush plots ten plots were randomly chosen to include in paired exclosure and control 
treatments. The location of the paired quadrats was as close to the north east corner as 
was physically possible avoiding any vegetation higher than the exclosure.  
The experiment was established in June 2005 and species composition and height 
measured after ten months in March 2006 and after twenty months in February 2007. 
At the time of establishment the following were recorded in both lawn and bush 
quadrats: the number, species and height of woody seedlings, percent cover and 
height of  herbaceous species, litter cover and bare ground (defined as ground that has 
no canopy cover when viewed from above). At the Bangor site Leptospermum 
lanigerum and L. scoparium, in some instances, appeared to have hybridized and 
were difficult to distinguish at the seedling stage, so these were grouped and recorded 
as Leptospermum spp.  
Chapter Two. Methods: Explaining the lawn phenomenon 
 35
2.6.5 Productivity index and height of Schoenus nitens 
An index of plant productivity in exclosure quadrats and control quadrats was 
calculated using the formula: height × cover, for each species, in each quadrat. The 
value for each quadrat in 2005 was then subtracted from the 2007 value to give a 
productivity index for each of the paired quadrats.  
Schoenus nitens was a visually dominant species of lawn quadrats at Bangor. To 
determine if there was a difference in height between edge and centre quadrats, the 
height of S. nitens was compared across the three years of sampling (2005, 2006 and 
2007).   
2.7 Environmental observations 
2.7.1 Lawn and bush temperatures  
To identify whether temperature was different between the lawn and bush, data 
loggers (recording temperature every 30 minutes) were placed in the centre of the 
lawn at both sites and 1 m into the bush at the halfway point of the southern side of 
both sites. Data loggers were attached to a stake 20 cm above ground to avoid rising 
water and placed under a reflective cap at the beginning of June 2005. Daily 
maximum and minimum temperatures were recorded. 
2.7.2 Water table 
To determine the association of water table height with the lawn–bush boundary, 
water table heights either side of the lawn-bush boundary were measured in 1.1 m 
wells encased in PVC pipe. Ten wells were placed in zone 1. Piezometers were 
randomly located along one of the four lawn plot boundaries and the same position 
was used for the paired bush plot. Water table was measured using Yamayo Water 
Level Measure WL50 or a wooden 1.5 m measuring stick when suspended sediment 
was likely to affect the water sensor. The PVC pipe was withdrawn from the ground 
before the measurement was taken to avoid a false reading, caused by sediment 
blocking the pipe. A water table level lower than 1+ m was recorded as 1 m. Water 
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table readings were taken at the Bangor site August 2005 and then monthly from 
October 2005 to August 2006 and again in February 2007. At the Central Plateau site 
when the water level was above the lawn, the depth of water above the lawn was 
measured in August and November 2005. When the water table fell the wells were 
used to make monthly measurements from January 2006 to June 2006 and again in 
March 2007.  
2.7.3 Soil Moisture and Conductivity 
Soil moisture was measured using a HH2 Moisture meter (Delta-T Devices) monthly 
from December 2005 to July 2006 at the Bangor site and in February 2007. Due to 
inundation at the Central Plateau site monthly lawn moisture readings were taken 
between February and May 2006 and in March 2007. Conductivity (using the HH2 
meter) was measured at Bangor in January 2006 and February 2007 and at Central 
Plateau in March 2007. At each sampling two readings were taken in each plot, to the 
east of the exclosure and control quadrats, and the mean of the two used for analysis.  
2.7.4 Soil  
In October 2005 using a corer (5 × 10 cm), soil was sampled from the corner of each 
lawn and bush plot at Bangor. Soils were sampled from lawn and bush plots on the 
Central Plateau in February 2006. The surface litter was removed before soil samples 
were taken. The pH was measured using CSIRO testing kit, accurate within 0.5 of a 
unit, in accordance with the instructions included with the kit. The remainder of the 
sample was then air-dried, crushed using a mortar and pestle and then sieved through 
a 2 mm mesh and analysed for N, C and P. Total nitrogen was analysed using 
Kjeldahl digestion method of distillation and titration, available soil phosphorus was 
determined by the Bray Extractable phosphorus method using acid ammonium 
fluoride and colorimetric analysis of extract using chloromolybdic acid reagent with 
stannous chloride reduction. Organic carbon was determined by the Walkley-Black 
digestion method with sodium dichromate and colorimetric analysis of digest (Black 
1965, McDonald et al. 1990).   
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2.7.5 Topography  
A dumpy level and a Carr staff were used to survey the sites to determine height 
variation within the lawn and the adjacent bush. Levels were taken from the lawn 
centre (intersection of the east and west centre transects) to the southeast corner of 
lawn plots. At the Central Plateau site levels were also taken along a north-south 
transect (measurements every 3 metres) which ran through the centre of the lawn, and 
finished 6 m into the bush.  
At Bangor, the bush plots at the southern and western end of the lawn appeared to be 
low-lying so additional measurements were taken to determine the difference 
between the elevation of the bush plots immediately adjoining the lawn. The height 
was recorded at the lawn-bush boundary and then 2 m onto the lawn and 2 metres 
into the bush in 5 m intervals. The reading started at 40 m along the lawn-bush 
boundary and ran to the end of the lawn (80 m). Along the western end of the lawn 
measurements were also taken at 5 m intervals. The percent slope either side of the 
lawn was then calculated using the formula: Slope (%) = Height/Length x 100, where 
height was the elevation difference between boundary and lawn or boundary and bush 
and length was the distance from the boundary (2 m). 
To determine the levels across the middle of the lawn (40 m) and compare these with 
the adjoining bush a 50 m transect was laid from the south (bush) to the north and 
levels recorded every metre. This was started 13 m into the bush and then continued 
across the lawn. 
2.8 Laboratory experiments 
2.8.1 Waterlogging experiment 
To determine if waterlogging was affecting seedling survival of the potential woody 
invaders 60 Leptospermum lanigerum and 60 Ozothamnus hookeri seedlings (< 20 
cm height) were taken from near Bangor and Central Plateau sites in March 2006. 
Seedlings were brought back to the glasshouse and placed in pots (13.5 cm × 14.5 
cm) with a potting mix suitable for native plants of 7 parts fine composted pine bark, 
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4 parts coarse washed river sand with fertilizer rates suitable for a bark based media 
(Handreck and Black 1984). The pH was adjusted to around 6 with the addition of 
dolomite lime at a rate of 2.7kg/m3. Major elements were supplied via the slow-
release fertiliser Osmocote®. Low P formulations are used for native plants. Mean 
day and night temperature in the glass house was 19.8˚C and 14.2 ˚C respectively. 
After four weeks the seedlings were transferred to a shade house and left for two 
weeks. Throughout the preparation period plants were checked daily and watered 
when needed. The waterlogging experiment was started six weeks after collection in 
the field (15th May 2006) to reflect the start of possible inundation at the field sites.  
Seedlings were all numbered, their height measured and 10 randomly assigned to 
each of the four treatments: 4, 8 and 16 weeks (water-logging) and control (no water-
logging). The treatment was to place the potted seedling in a 9.6 litre bucket and add 
tap water till 1 cm of the seedling stem was under water. The water level was kept 
constant throughout the experiment. Control seedlings were watered when required. 
The 10 buckets assigned to each treatment were kept together as a group and rotated 
twice weekly in two ways. Firstly clockwise within the group on the bench (from the 
rear of the bench near the external wall of the shadehouse, to the front of bench), and 
then clockwise along the bench (Figure 2.8). A data logger recorded temperature 
every half hour.  
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Figure 2.8. Waterlogging experiment. Top photo shows the layout in shade house at 
start of experiment. Buckets were circulated within the four treatment groups as well as 
clockwise around the shade house. Green buckets held Leptospermum lanigerum 
seedlings and red buckets Ozothamnus hookeri seedlings. Photo above shows the entire 
pot submerged and the water level 1 cm up the seedling stem.
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2.9 Analysis 
Two-sample t-tests of scat counts were used to identify if wallabies and rabbits 
preferentially grazed the lawn plots compared to the bush plots and lawn centre plots 
compared to lawn edge plots. To identify if higher scats counts were associated with 
higher productivity, lawn edge and lawn centre exclosures and control quadrats were 
compared using two-sample t-tests, and at Bangor to compare the height of Schoenus 
nitens between edge and centre plots.  Two-sample t-tests were used to compare soil 
properties. 
Paired t-tests were used to compare temperatures, water table, soil moisture, 
conductivity and elevation levels either side of the lawn bush boundary. Exclosure 
and control quadrats with woody seedlings at the start and/or conclusion of the 
experiment were compared using paired t-tests to determine changes in height and 
numbers between 2005 and 2007. For analysis ‘R” version 2.4.1 and Minitab version 
15 were used.  
Means, standard errors and standard deviations for scat counts and the productivity 
index in exclosure and control quadrats were calculated using Minitab (version 15). 
Microsoft Excel was used to calculate for each four week treatment block, the percent 
change in height for seedlings in the shadehouse experiment. One-way ANOVA and 
Tukey’s HSD was used to compare (the percent height change) across the four 
treatments and to compare differences in elevation between lawn and bush plots at 
Bangor (Minitab, version 15).  
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2.10  Results 
2.10.1 Grazing pressure, Bangor 
Significantly more wombat, wallaby and possum scats were found in the bush plots 
than the lawn plots (Table 2.1). For rabbits, significantly more scats were found on 
the lawn compared to the bush (Table 2.1). Seasonal variation in scat counts was 
found for wallabies (Figure 2.9) and wombats (Figure 2.10) with rabbits showing the 
most fluctuation (Figure 2.11). Wallaby scat density increased on the lawn plots 
during February and March (Figure 2.9) and mean wombat scat counts exceeded bush 
counts between February and April (Figure 2.10). Rabbit scats peaked on the lawn 
plots in August, November, February and March while they were very low in the 
bush plots in all months (Figure 2.11). 
Table 2.1. Two-sample t-test showing Mean ± SE for monthly scat counts at Bangor site 
between July 2005 and August 2006 for 20 lawn and 20 bush (25 m2) plots. Lawn 
wombat scats were collected each month from the whole lawn site (40 x 80 m) but 
within bush from the 20 (25 m2) plots. P-values in bold are significant at P < 0.5. 
Bangor Mean scat 
counts ± SE 
t P 
Wallaby lawn 14.70 ± 1.10 -8.68 < 0.001 
Wallaby bush 37.10 ± 2.40   
    
Wombat lawn 5.90 ± 1.20 -2.16    0.031 
Wombat bush 9.40 ± 1.10   
    
Rabbit lawn 29.60 ± 3.20  8.28 < 0.001 
Rabbit bush   2.87 ± 0.61   
    
Possum lawn  0.32 ± 0.11 -4.39 < 0.001 
Possum bush 11.50 ± 2.50   
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Figure 2.9. Mean monthly (± SE) wallaby scat counts per plot (5 × 5 m) on Bangor lawn 
site (♦) compared to the bush (□) plots July 2005 to August 2006. July-Aug 2005 and 
Sept-Oct 2005 represents the mean monthly for these months where one scat count was 
undertaken for each two month period. 
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Figure 2.10. Mean monthly wombat scat counts per plot (5 × 5 m) on the Bangor lawn 
site(♦) compared to the bush (□) plots, July 2005 to August 2006. July-Aug 2005 and 
Sept-Oct 2005 represents the mean monthly for these months where one scat count was 
undertaken for each two month period. Error bars are not included as scats were 
collected from the whole lawn site. 
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Figure 2.11. Mean monthly (±SE) rabbit scat counts per plot (5 × 5 m) on Bangor lawn 
site (♦) compared to the bush (□) plots July 2005 to August 2006. July-Aug 2005 and 
Sept-Oct 2005 represents the mean monthly for these months where one scat count was 
undertaken for each two month period. 
 
2.10.2 Edge plots compared to centre plots, Bangor 
Wallaby scat counts were significantly higher on lawn edge plots (zone 1) compared 
to the lawn centre plots (zone 2) while the reverse was true for rabbits with 
significantly higher number of scats in the centre plots compared to the edge plots 
(Table 2.2). Bush edge (zone 3) scat counts were significantly higher than lawn edge 
scat counts (Table 2.2). 
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Table 2.2. Two-sample t-test showing Mean ± SE of total scat counts of lawn edge plots 
compared to lawn centre plots, and lawn edge plots compared to bush edge plots at 
Bangor site between July 2005 and August 2007. N = number of plots (10 lawn and 10 
bush). P-values in bold are significant at P < 0.05. 
Bangor  N Mean scat
counts ± SE
t-value P-value 
Wallaby    
Lawn edge 10 261 ± 33 4.00 < 0.001 
Lawn centre  109 ± 20  
   
Rabbit    
Lawn edge 10 256 ± 40 -4.05  0.002 
Lawn centre  637 ± 85  
 
Bush edge cf. Lawn 
edge plots 
   
Wallaby    
Bush edge 10 538 ± 64 3.84   0.002 
Lawn edge  261 ± 33   
     
2.10.3 Central Plateau scat counts 
In 2005 the rainfall was 314.2 mm above average (Bureau of Meteorology, 2007) 
with December having the highest rainfall ever recorded for the month. The result 
was that the lawn was under water for eight months of the twelve month period of 
scat counts. During the four months when the lawn was exposed, the combined 
wallaby scat density for February and March was significantly higher than that in 
bush plots (t2,66 = 2.27, P < 0.027) (Figure 2.12). Variation in scat counts between 
months and between plots was also considerable. For example, in March the scat 
counts on the lawn plots (5 × 5 m) ranged from 5 to 558. Wombats scat counts were 
significantly higher in bush plots and rabbits significantly higher on lawn plots (Table 
2.3).  
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Figure 2.12. Mean monthly (± SE) wallaby scat counts found in plots (5 × 5 m) on 
Central Plateau bush (□) and lawn (♦) sites August 2005 to June 2006. As the lawn was 
underwater between July 2005 and February 2006 no scat data are available for these 
months. 
 
Table 2.3. Two-sample t-test showing Mean ± SE for monthly scat counts per plot at 
Central Plateau site between February and May 2006 from 20 lawn and 20 bush plots 
(25 m2). P-values in bold are significant at P < 0.05. 
Central Plateau d.f. Mean scat
counts ± SE
t P 
   
Wallaby lawn 79 79 ± 8.6 1.36  0.176 
Wallaby bush  64 ± 7.2  
   
Wombat lawn 79 2.5 ± 0.7 -5.16 < 0.001 
Wombat bush  19 ± 3.0  
   
Rabbit lawn 79 41 ± 12.5 3.04  0.003 
Rabbit bush    3 ± 1.5  
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2.10.4 Edge and centre plots compared, Central Plateau 
Mean wallaby scat counts were higher overall on the lawn (zone 1) and bush edge 
(zone 3) plots compared to the lawn (zone 2) and bush (zone 4) centre plots and mean 
rabbit scat counts were higher on the lawn edge plots compared to the lawn centre 
plots but neither were significant statistically (Table 2.4). Lawn and bush edge plots 
were compared for the four months when the lawn was exposed, but there was no 
significant difference in mean wallaby scat density (Table 2.4). 
 
Table 2.4. Two-sample t-test showing Mean ± SE for total scat counts of lawn edge plots 
compared to lawn centre plots, and lawn edge plots compared to bush edge plots at 
Central Plateau site. Lawn covers February 2006 to May 2007 (4 months when lawn 
was not submerged. Bush covers August 2005-June 2006. N = 10 plots in each category.  
Central Plateau  
 
Mean scat
counts ± SE
t P
Wallaby   
Lawn edge 354 ± 46 0.98  0.340
Lawn centre 279 ± 61  
  
Rabbit   
Lawn edge 252 ± 103 0.81  0.430
Lawn centre 159 ± 49  
  
  
Bush edge cf. Lawn 
edge plots (4 months) 
 
Wallaby bush edge 327 ± 76 0.30  0.770
Wallaby Lawn edge 354 ± 46  
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2.11  Scat decomposition Central Plateau 
Rates of scat decomposition were greatly increased by trampling and weather and the 
underlying ground conditions were an additional factor in influencing decomposition 
rates. Scats deposited along an animal track leading to the lawn at the Central Plateau 
site which was saturated after rain were almost fully decomposed after one month 
(January 2006) and not identifiable after two months (Figure 2.13). Another wombat 
scat photopoint in bush, set up at the same time (December 2005), which was not 
along a track and had a dry substrate was able to be counted after one month (January 
2006). But by February 2006 the scats had been trampled, and all signs of original 
scats had gone, though new ones had been deposited. The wombat scat photopoints 
were more frequently disturbed with wombats adding new scats to the old and dried 
scats blown around.  
In the caged experiment the appearance and decomposition of the scats changed 
rapidly by the end of the first month, June 2006 (Figure 2.14) suggesting that by the 
following month it would be difficult to identify and count the scats. However, in 
October 2006 all wombat, wallaby and pademelon scats could still be identified and 
counted (Figure 2.14c), and by the following March (2007) wombat scats were still 
present in the same numbers and could be reliably counted, as could the larger of the 
wallaby scats. However, the smaller pademelon and wallaby scats, while still present 
and significantly reduced in volume, would not, without reference to the original 
photos, be either reliably identified or counted (Figure 2.14d). The rabbit scats had 
disappeared under grass and were difficult to see without searching. Rabbit scats had 
halved after one month (30 to 15). In October 2006 10 were counted and three in 
March 2007 (Figure 2.14d). 
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Figure 2.13. Central Plateau Bush plot 16. Top photo shows wombat scats in December 
2005 which were deposited in a track leading to the lawn and lower photo showing no 
identifiable scats remain after two months, February 2006. 
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Figure 2.14. Scat decomposition caged experiment Central Plateau. At start of 
experiment (a), May 2006, (b) June 2006, (c) after 5 months, October 2006 and (d) after 
10 months, March 2007. 
2.11.1 Scat decomposition Bangor 
Scats at Bangor on the lawn and in bush plots decomposition experiment were able to 
be identified and counted after two months. However by three months, both 
photopoint areas had been disturbed and trampled either by animal, invertebrates or 
wind and only 60% of the scats were still present. In the caged experiment, after one 
month (June 2006), many of the scats had been hollowed out, and were very fragile to 
the touch. The shell of the scat however was still intact, enabling counting and 
identification to take place. In Tasmania the most common native dung beetles 
(Onthophagus australis, O. fuliginosus, O. auritus. O. posticus) do not bury complete 
pellets but rather hollow them out so that they remain conspicuous. In each 
 
 
  
 
 
a b
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successive month the volumes of the scat decreased, but not the numbers, so that by 
the conclusion of the experiment in February 2007 (10 months), the original scats 
(apart from the second group of possum scats) could, still be counted but with 
difficulty, even though around 50% of the scat had disappeared and was likely to 
crumble when touched. Without the original photos however, there would have been 
difficulty identifying all the scats (Figure 2.15). 
Conclusion 
In conclusion, this experiment conducted concurrently with the period of scat 
collection, confirmed that monthly scat counts at the Central Plateau and Bangor sites 
provided a realistic estimate of scat decomposition. However, longer periods between 
scat collections as used at the start of the sampling (10 weeks) may underestimate the 
smaller sized scats at Central Plateau where these decomposed more quickly but as 
this was shown to apply equally to lawn and bush plots the scat densities would be 
equally affected.  
Constantly water logged plots at the Central Plateau made up around 10% of the 
sampling area on both lawn and bush plots throughout the sampling period. At 
Bangor waterlogged areas on lawn and bush were present for a quarter of the period 
of sampling and trampling on a waterlogged substrate was demonstrated through 
photopoints to greatly affect the survival of scats. It is estimated that scat counts from 
these plots during this time could be reduced by a similar amount (i.e. 10%) but 
further study would be needed to make a precise estimate of scat loss through 
trampling. However, as loss of scats through trampling applied equally to both lawn 
and bush plots the analysis is not affected.  
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Figure 2.15. Bangor site; caged scat experiment on lawn. Top photo is at start of the 
experiment in May 2006, and lower photo at the conclusion, February 2008. 
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2.12 Exclosure experiment 
2.12.1 Bangor lawn exclosures and controls 
At the start of the experiment there was no significant difference between the number 
or height of woody species in lawn exclosure quadrats compared to control quadrats 
(Table 2.5, Figure 2.16). However, after 20 months there was a significant difference 
in both the number and height of woody species (Table 2.5, Figure 2.17), especially 
Leptospermum spp. The few other individuals found in control quadrats were two 
Eucalyptus ovata and one Acacia verticillata. Only the A. verticillata survived until 
the 2007 sampling. In the exclosures at the start of the experiment the only other 
individuals beside Leptospermum spp. were six E. ovata but by 2007 only two 
remained and these had reached heights of 10 and 18 cm. Twelve Boronia parviflora 
(height 5-15 cm) were found in exclosures in 2007 but not in 2005. 
2.12.2 Bangor lawn–bush boundary (zone 1) 
At the start of the experiment all woody species seedlings in quadrats were within 0–
10 m of the lawn–bush boundary (zone 1), except one small Leptospermum seedling 
that was found in a plot 12 m from the boundary, but this did not survive until 2006. 
At the March 2007 sampling, all woody species were found in the ten lawn–bush 
boundary exclosures and controls (in zone 1) and none in zone 2 (10-40 m from bush 
edge). 
2.12.3 Bangor bush exclosures and controls  
The terrain, soil and plant species of bush plots varied considerably (Figure 2.18). At 
the start of the experiment in 2005 there was no significant difference between the 
number and height of woody species found in the bush control and exclosure quadrats 
(Table 2.5). Apart from two Leptospermum scoparium seedlings found in a control 
quadrat the other woody individuals belonged to Lissanthe strigosa. By 2007 there 
was still no significant difference in the number of individual woody species found in 
the exclosures and controls but the mean height was significantly higher in the 
exclosures (Table 2.5). By 2007 the L. scoparium had died but seedlings of other 
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species were emerging. These were Acacia verticillata, Bossiaea prostrata, 
Eucalyptus pulchella, Epacris impressa and Leptospermum lanigerum. However, the 
numbers of each of these species were very small (1 to 7). Those found in controls in 
2007 were generally half the height of those found in exclosures.  
2.12.4 Edge and centre - productivity index and height of S. 
nitens   
There was no significant difference in the productivity index between lawn edge and 
lawn centre quadrats (mean and SE: edge 518 ± 105 and centre 418 ± 106, t2,17 = 
0.67, P = 0.51). Bush edge quadrats had a low mean productivity index (103 ± 56).  
There was a significant difference in the height of S. nitens in control edge plots 
compared to control centre plots (mean and SE:  edge  4.98 ± 0.36 cm cf centre 2.9 ± 
0.39 cm, t2,57 = -3.94, P = 0.001). There was no difference between edge and centre 
plots in the exclosure quadrats (edge 8.16 ± 0.75 cm and centre 6.71 ± 0.66 cm, t2,57 = 
- 1.45, P = 0.152). 
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Table 2.5. Results of paired t-test of quadrats (0.25 m2) that had woody species at the 
start of the experiment and/or at the conclusion of the experiment (Bangor lawn 11 
pairs, Bangor Bush 7 pairs, Central Plateau Lawn 11 pairs, Central Plateau Bush 6 
pairs of quadrats). The means are the mean number of woody seedlings and their mean 
height (± SE) counted in exclosure and control quadrats in May/June 2005 and in 
February 2007. Exclosure 2005 & 2007 = Exclosure quadrats sampled in 2005 and 2007; 
Control 2005 & Control 2007 = Control quadrats sampled in 2005 & 2007 (20 paired 
quadrats were established on the lawn and 10 paired quadrats in the bush plots). For 
analysis only P-values in bold are significant at P < 0.05. 
 
 
Bangor Lawn 
 
Bangor Bush 
Year & 
Variable 
Exclosure 
Mean 
(± SE) 
Control 
Mean 
(± SE) 
t P Exclosure
Mean 
(± SE) 
Control 
Mean 
(± SE) 
t  P 
2005 
number 
 
3.0 ± 0.9 
 
2.7 ± 0.6 
 
-0.47 
 
0.645
 
8.0 ± 4.8
 
8.1 ± 4.9  
 
-0.06
 
0.954
    
2007 
number 
 
8.1 ± 2.2 
 
2.9 ± 1.1
 
-4.57 <0.001
 
 8.7 ± 4.1 
 
7.1 ± 4.3 
 
-0.68
 
0.520
    
2005 
height 
 
3.4 ± 0.6 
 
3.0 ± 0.6 
 
-1.18 
 
0.267
 
2.7 ± 1.3
 
4.1 ± 1.6 
 
2.50
 
0.047
    
2007 
height 
 
13.2 ± 1.7 
 
5.4 ± 1.7
 
-2.97 0.014
 
8.1 ± 1.5
 
3.4 ± 1.4  2.34
 
0.008
         
Central Plateau lawn Central Plateau Bush 
2005 
number 
 
3.6 ± 1.8 
 
4.0 ± 1.6 -0.17 0.865  3.8 ± 2.9 
 
6.3 ± 2.8 -0.85 0.434
   
2007 
number 
 
5.0 ± 2.5 
 
4.1 ± 1.7
 
0.30 0.773
 
7.2 ± 3.0
 
11.2 ± 7.2 
 
-0.51 0.628
   
2005 
height 
 
5.1 ± 1.1 
 
5.1± 0.9
 
0.02 0.984
 
 5.9 ± 2.3 
 
 8.18 ± 4.6  
 
0.86 0.431
   
2007 
height 
 
7.0 ± 1.5 
 
2.3 ± 0.8
 
-3.06 0.012
 
12.4 ± 3.3 
 
2.4 ± 1.2  
 
2.48 0.056
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Figure 2.16. Bangor lawn exclosure quadrat 15 (left) and control quadrat 15 (right) at 
start of experiment May 2005. 
 
 
Figure 2.17. Control quadrat (wooden frame) and exclosure quadrat (marked by metal 
pegs from wire cage) of Lawn Plot 15, Bangor site, February 2007, (20 months from 
establishment of quadrats. 
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Figure 2.18. Bush plots at Bangor showing some of the varying substrates and 
surrounding vegetation. Top, plot 18 is a centre bush plot and bottom photo, plot 6 is 
bush edge plot. 
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2.12.5 Central Plateau lawn exclosures and controls 
In June 2005 there was no significant difference between the woody species in the 
exclosure and the control quadrats in either number or height (Table 2.5). Twenty 
months later in February 2007, no significant difference in number of woody 
seedlings was found. However, there was a significant difference in height between 
exclosure and control quadrats on the lawn (Table 2.5, Figure 2.19). At the start of 
the experiment and at the conclusion the woody seedlings were confined to the ten 
plots in zone 1 immediately adjoining the lawn-bush boundary. The main woody 
species found on the lawn were Ozothamnus hookeri and Epacris serpyllifolia. Only 
one specimen each of Bellendena montana, Coprosma perpusilla and Epacris gunnii 
was found. Two specimens of Leptospermum rupestre were found.  
2.12.6 Central Plateau productivity index  
There was no significant difference in the productivity index of lawn edge exclosures 
compared to lawn centre exclosures (t2,16 = - 0.60, P = 0.55). The lawn edge mean 
productivity index was 225 ± 51 and lawn centre 277 ± 70 (mean ± SE). The mean 
productivity index of bush edge plots was 302 ± 119 (mean ± SE).  
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Figure 2.19. Control (top) and exclosure (lower) quadrats in lawn plot 14, Central 
Plateau, March 2007, 20 months after the start of the experiment. 
seedling
Exclosure 
Control 
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2.12.7 Central Plateau bush exclosures and controls  
There was no effect of the exclosures on the number or height of woody species in 
bush plots but the height of woody species significantly increased in the exclosures 
(Table 2.5, Figure 2.20). The main woody species found were O. hookeri, E. gunnii, 
and Monotoca empetrifolia.  
 
Figure 2.20. Bush control and exclosure quadrats in bush plot 3, Central Plateau,  
March 2007.  
Control 
Exclosure 
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2.13  Environmental variables 
2.13.1 Temperature, Bangor site 
Bangor lawn mean minimum monthly temperature (6.52 ± 1.16 °C) was significantly 
lower than the bush (7.28 ± 1.10 °C) and the monthly mean maximum lawn 
temperature (20 ± 0.67 °C) was significantly higher than the bush temperature (19.33 
±  0.94 °C) (Paired t-test, mean ± SE, P = <0.007, t = 2.298). The month with the 
mean lowest daily minimum temperatures (lawn and bush) was June 2006 (lawn 
0.09°C, bush 1.23°C) and February 2007 had the mean daily highest maximum 
temperatures (lawn 26.29°C bush 26.78°C) for the period. The lowest temperature 
recorded on the lawn was -5.7°C (2/7/2006), and the highest temperature was 34.4 °C 
(5/12/2006). On the same dates the bush also recorded the lowest, -4.6 °C, and the 
highest, 36.6 °C, temperatures (Figure 2.21).  
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Figure 2.21. Monthly mean minimum and maximum lawn and bush temperatures 
recorded at Bangor between May 2005 and February 2007. 
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2.13.2 Water table, Bangor site 
Bangor mean lawn water table (-54.15 ± 3.08 cm) was significantly higher than the 
bush mean water table (-61.86 ± 2.28) (Paired t-test, Mean ± SE, P = <0.001, t =  
3.38).  
2.13.3 Rainfall, Bangor site 
The Bangor station owners record rainfall at the homestead (approximately 5 km 
away from study site) and the monthly rainfall (mm) for the period of the study 
compared to the mean monthly rainfall are shown in (Figure 2.22). The water table 
was highest in September, October and December 2005. At this time the lawn was 
inundated and the water level was at lawn height. Several of the low lying bush plots 
to the west and south of the lawn were also underwater at this time. The lowest water 
tables recorded were between March and June 2006 when the mean water table depth 
on both lawn and bush plots was around 90 cm. The high rainfall recorded at the 
homestead in April 2006 (Figure 2.22) was not reflected in the water level readings. 
This may have been due to the timing of the readings, early in the month, or the 
rainfall partially missing the site.  
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Figure 2.22. Monthly rainfall recorded at Bangor Station for the study period May 2005 
– February 2007 compared to the mean monthly rainfall (1966-2007). 
2.13.4 Soil Moisture and Conductivity, Bangor site 
At the Bangor site mean percent soil moisture was significantly higher on the lawn 
(35.89 ± 0.47) than in the bush plots (21.36 ± 60) in all months sampled (Paired t-test, 
mean ± SE; P < 0.001, t = 24.32). It was highest in lawn plots in December 2005 and 
lowest in March 2006 (Figure 2.23). There were also significant differences between 
months in percent soil moisture on the lawn. For example, March was drier than April 
and April drier than May, when soil moisture rose.  
Mean soil conductivity was significantly higher on the lawn plots (726.7 ± 16.4 
μS/cm) compared to the bush plots (469.4 ± 27.5 μS/cm) for the two samplings in 
January 2006 and February 2007 (Paired t-test, mean ± SE P < 0.001, t = 9.70).  
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Figure 2.23. Monthly mean percent soil moisture (± SE), Bangor site between November 
2005 and July 2006. 
2.13.5 Temperature, Central Plateau site  
The mean monthly maximum bush temperature (14.07 ± 1.42 °C) was significantly 
higher than the lawn temperature (12.53 ± 1.29 °C) and the mean monthly minimum 
bush temperature (0.71 ± 0.59 °C) was significantly lower than the lawn (2.43 ± 0.73 
°C) (P = <0.001, t = 5.39). The month with the lowest mean daily minimum 
temperatures (lawn and bush) was June 2006 (lawn -2.0 °C, bush -2.7°C). February 
2007 had the highest mean daily temperatures (lawn 23.7°C, bush 24.9°C) for the 
period recorded. The lowest temperature recorded on the lawn was -8.3°C 
(30/5/2006) and the highest 29.7°C (16/1/07 and 17/2/07). Lower temperatures may 
have been recorded if the lawn had not been inundated during the coldest months. 
The lowest bush temperature recorded was -10 °C (25/6/2005). On this date, when 
the lawn may have been partially inundated, the sensor recorded -6.7°C. The highest 
maximum temperature in the bush was 34.9°C (21/1/2006) and on this day the lawn 
recorded a maximum of 26.7°C (Figure 2.24). The lawn was partially inundated at 
this time. 
 
Chapter Two. Results: Explaining the lawn phenomenon 
 
 65
 
-5.00
0.00
5.00
10.00
15.00
20.00
25.00
30.00
Ma
y-0
5
Ju
n-0
5
Ju
l-0
5
Au
g-0
5
Se
p-0
5
Oc
t-0
5
No
v-0
5
De
c-0
5
Ja
n-0
6
Fe
b-0
6
Ma
r-0
6
Ap
r-0
6
Ma
y-0
6
Ju
n-0
6
Ju
l-0
6
Au
g-0
6
Se
p-0
6
Oc
t-0
6
No
v-0
6
De
c-0
6
Ja
n-0
7
Fe
b-0
7
Month and Year Central Plateau site
Te
m
pe
ra
tu
re
 (D
eg
re
es
 C
)
Lawn Maximum
Lawn Minimum
Bush Maximum
Bush Minimum
 
Figure 2.24. Monthly mean minimum and maximum lawn and bush temperatures 
recorded at Central Plateau site between May 2005 and February 2007. 
2.13.6 Water table, Central Plateau 
The mean water table was significantly higher on the lawn (-15.08 ± 3.6 cm) than the 
bush (-34.6 ± 3.3 cm) (Paired t-test, mean ± SE, P < 0.001). The least depth was 
recorded in December 2005 when the water table was 55 cm above the lawn. At that 
time the mean height across the whole lawn was 21 cm above the lawn surface and 
the mean depth for the bush was 3.4 cm below ground level.  
2.13.7 Rainfall, Central Plateau 
Rainfall fluctuated considerably during the experimental period 2005-2007. In 2005 
the annual rainfall recorded at Liawenee was 1232.2 mm (with the highest rainfall 
ever recorded for December at 203.6 mm (mean Dec. rainfall 75.2 mm), while the 
mean rainfall for 2006 was 738.4 mm, with the lowest rainfall ever recorded for the 
months of June (44.8 mm, annual mean 99.7 mm) and October (40 mm, annual mean    
96.7 mm) (Figure 2.25). 
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Figure 2.25. Monthly rainfall recorded at Liaweene, Central Plateau for the study 
period May 2005 – February 2007 compared to the mean monthly rainfall 1985-2008 
(Bureau of Meteorology). 
2.13.8 Soil moisture and Conductivity, Central Plateau 
Mean percent soil moisture was significantly higher in lawn plots (41.93 ± 1.9 
μS/cm) than in bush plots (10.27 ± 0.98 μS/cm) (Paired t-test, mean ± SE, P < 0.001, 
t = 18.61) (Figure 2.26).  
Mean soil conductivity was significantly higher on lawn plots (575.3 ± 56.2 μS/cm) 
compared to bush plots (190.1 ± 21 μS/cm) (Paired t-test, P < 0.001).  
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Figure 2.26. Monthly mean percent soil moisture, Central Plateau site between 
November 2005 and July 2006. 
2.13.9 Soil, Bangor and Central Plateau 
At the Bangor lawn site percent total nitrogen and pH were significantly higher on the 
lawn compared to the bush, but percent total carbon was significantly lower than the 
bush (Table 2.6). At the Central Plateau site percent organic carbon was significantly 
higher on the lawn than in the adjoining bush but no other significant differences 
were found (Table 2.6). 
At Bangor the top horizon (5 cm) was a silty clay loam consisting of black granular 
peds. The bush plots immediately adjoining the lawn had the same colour texture and 
pedality but the centre bush plots were sandy clay loam. No sand was found in the 
lawn or edge bush soils, indicating low soil porosity. At Central Plateau, a core taken 
from near the middle of the lawn gave a soil depth of 64 cm before the hard pan was 
reached, the A horizon was 13 cm in depth. Soil texture varied across the lawn from 
loamy sand to silty clay loam with the latter the dominant field texture found on the 
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lawn. Soils of the bush plots were mainly composed of sand sized particles of 
dolerite. 
 
Table 2.6. Two-sample t-test showing soil properties of 20 lawn plots compared to 20 
bush plots at Bangor and Central Plateau sites. P = Bray extractable phosphorus, ppm 
= parts per million, C = percent organic carbon, %N = percent total nitrogen. P-values 
in bold are significant at P < 0.05. 
 t-test Mean ± SE 
 
t-value P-value 
      
Bangor Lawn %N 0.49 ± 0.05 2.42  0.020 
 Bush %N 0.33 ± 0.04  
   
 Lawn pH 6.10 ± 0.86 2.43   0.020 
 Bush pH 5.72 ± 0.57  
   
 Lawn P ppm 8.40 ± 0.66 1.37  0.181 
 Bush P ppm 6.81 ± 0.96  
   
 Lawn %C 3.51 ± 0.47 -2.13  0.043 
 Bush %C 6.00 ± 1.10  
   
Central Plateau Lawn %N 0.06 ± 0.01 -0.37  0.714 
 Bush %N 0.07 ± 0.04  
   
 Lawn pH 5.72 ± 0.09 0.46  0.650 
 Bush pH 5.77 ± 0.07  
   
 Lawn P ppm 2.62 ± 0.41 -1.44  0.160 
 Bush P ppm 3.53 ± 0.48  
   
 Lawn %C 0.99 ± 0.09 3.01 < 0.001 
 Bush % C 0.55 ± 0.10  
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2.13.10 Topography, Bangor site  
The bush areas adjoining the south and western end of the lawn were at significantly 
lower elevations than the lawn (ANOVA F = 5.14, P < 0.01, also see Figure 2.27 and 
Figure 2.28).  
 
 
Figure 2.27. Bush plots under water at western end of lawn after inundation, October 
2005, Bangor site 
The 50 m transect running through the bush onto the lawn confirmed the lower 
elevation of the bush compared to the lawn (Figure 2.27). Levels on the lawn showed 
some variability (between 1.29 and 1.44 m). There was thus a 15 cm elevation 
difference along the lawn part of the transect. No significant difference in slope was 
found between edge-to-bush and edge-to-lawn measurements (t1,13 = 0.53, P = 0.53). 
The small rise and fall of levels across the lawn may be due to an attempt in the past 
to drain the land. What looks like ‘humping and hollowing’ was not immediately 
apparent, but after inundation (September-October 2005) the contours of the lawn 
were revealed by water levels. An alternative scenario for the formation of small 
ridges could lie in the origins of the lawn. The silt content of the soil suggests that 
Chapter Two. Results: Explaining the lawn phenomenon 
 
 70
this lawn could have been the bed of a former lake, with minor ridges and swales 
formed by wave action. In addition, the presence of young, but well established 
Leptospermum lanigerum in the areas of lower elevation immediately adjoining the 
lawn may indicate that this area represents a recently invaded lawn (Figure 2.28). 
 
 
 
 
 
 
 
 
Figure 2.28. A 50 metre transect (south-north 345°) intersecting the centre of the 
Bangor lawn site.  
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Figure 2.29. Water on the lawn reveals ridges and swales October 2005, Bangor site. 
2.13.11 Topography, Central Plateau site 
Levels taken across the lawn and into the bush (Figure 2.30) show a sharp rise on the 
northern side compared to the southern side. The eastern end of the lawn (Figure 
2.31) is also at a lower altitude than the western end where bush plots were generally 
very damp and under water when the lawn was fully inundated.  
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Figure 2.30. A north-south transect across the Central Plateau lawn. 
 
Figure 2.31. Standing water on Central Plateau site showing the lower lying areas of the 
lawn (May 2006).  
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2.14   Waterlogging Experiment 
All Leptospermum lanigerum seedlings survived the four treatments (control = no 
waterlogging, 4, 8, and 16 weeks waterlogging) (Figure 2.32). There was no 
significant difference in percent height change between the treatments when 
measured at 4 weeks (ANOVA F = 2.59, P < 0.068), at 8 weeks  (ANOVA F = 1.64, 
P < 0.197) or at 12 weeks (ANOVA F = 1.5, P < 0.23) but at 16 weeks L. lanigerum 
seedlings that had undergone 8 and 16 weeks waterlogging treatment were 
significantly taller than those that had only undergone 4 weeks waterlogging, but 
were not significantly taller than the control treatment (ANOVA F = 4.82, P < 0.006, 
Tukey’s HSD) (Figure 2.32). This growth coincided with a rise in monthly 
temperatures recorded in the shade house (Figure 2.32).  
The Ozothamnus hookeri seedlings, also survived all treatments (Figure 2.32). There 
was no significant difference in percent height change between treatments when 
measured at 4 weeks (ANOVA F = 0.97, P = 0.42), 8 weeks (F = < 0.70, P = < 0.56), 
12 weeks (ANOVA F = 0.47, P = < 0.708) and 16 weeks (F = 2.14, P = < 0.11, 
Turkey’s HSD). 
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Figure 2.32. Percent change in height with 1 SE on either side of mean. From 0 weeks 
after no, 4, 8, 12, 16 weeks waterlogging for (a) Leptospermum lanigerum, (b) 
Ozothamnus hookeri. (c) the mean monthly maximum and minimum shadehouse 
temperatures during the experiment May – September 2006. 
(a) 
(b) 
(c) 
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2.15  Discussion  
This chapter examined the separate and interactive roles of environmental variation 
and grazing pressure on the formation and maintenance of natural lawns and explored 
whether the term ‘marsupial lawn’ is an apt description for this vegetation structure in 
Tasmania. The approach was to test the hypothesis that the lawn boundary is 
maintained by exclusion of taller plants. The potential mechanisms for this exclusion 
examined were: 1) vertebrate, particularly native marsupial, grazing pressure; 2) 
environmental conditions; and 3) The interaction of grazing and environmental 
factors. 
2.16  Grazing pressure 
2.16.1 Scat density as an indicator of habitat utilisation 
The high density of scats on lawn and bush plots at both upland and lowland sites 
indicated that these areas were intensively grazed. It was predicted that scat counts 
would be higher on the lawn indicating a preference for lawn vegetation as opposed 
to bush vegetation. However, while this was true for rabbits across all sites and all 
months, there was no significant difference between wallaby scat density on the lawn 
compared to the bush at Central Plateau in the months when lawn and bush could be 
compared. At Bangor apart from rabbits, scats of all species (wallaby, wombat and 
possum) were significantly higher in bush plots. However, at both sites scat densities 
fluctuated with pronounced peaks on the lawn presumably coinciding with flushes of 
new growth which are known to attract grazers to the constantly productive lawn 
areas (McNaughton 1985; Kröger and Rogers 2005).   
Wallaby scat counts were significantly higher on the lawn edge plots compared to the 
lawn centre plots at Bangor (Table 2.2) indicating a high utilisation of the boundary 
area. This may be because this zone is closer to protection from the bush, or as 
Johnson et al (1987) suggested, it may indicate that these areas are the first to be 
grazed, upon rising and after resting, in the middle of the day before moving out 
further on to the lawn.  
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An alternative explanation is that the lawn edge zone is a more productive area. 
However, lawn edge plots did not prove to be more productive than lawn centre plots. 
So the higher wallaby scat counts in the lawn-bush boundary are more likely to be 
due to the reasons identified by Johnson et al (1987). 
At the Central Plateau site, although mean scat counts were higher on the lawn edge 
compared to the bush edge plots, this was not statistically significant. This lack of 
difference could be due to the differences in the vegetation cover surrounding the two 
sites. At the Central Plateau there is little tall vegetation along one side of the lawn 
providing no worthwhile protection for animals. 
Significantly higher numbers of rabbit scats were found on lawn centre plots than 
lawn edge plots at Bangor (Table 2.2), although no differences between edge and 
centre were found at the Central Plateau (Table 2.4). Rabbit generally use latrines, 
while latrines were noted on the lawn scats were also well scattered probably due to 
wind and inundation. In this instance the difference between the two sites could be 
due to the positioning of burrows. At Bangor the lawn was undulating (Figure 2.28), 
and although only occasionally inundated there were burrows on the lawn towards the 
centre - a more elevated part. At the Central Plateau site, no burrows were found on 
the lawn, which was subject to prolonged flooding.  
An alternative explanation is that rabbits prefer the shortest vegetation to graze and 
that this may be found in the middle of the lawn at Bangor. One of the dominant 
species Schoenus nitens (c. 50% cover) was in fact significantly shorter in centre 
control quadrats. However, is it the higher density of rabbits in centre plots keeping 
the sward short or a short sward that attracts a higher density of rabbits? The ‘top-
down’ explanation seems the most appropriate here i.e. a higher density of rabbits 
grazing lawn centre plots. 
It is presumed that the marked differences in wallaby scat density from season to 
season (Figure 2.9 and Figure 2.12) is because the animals are feeding elsewhere 
(such as on the growing tips of woody species in spring) and that they return to the 
lawn when the lawn productivity is high and feed elsewhere has dried up. Another 
explanation for these findings is that given by Perry and Braysher (1986); they found 
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that scat counts dropped in time of drought in a known area with a known population 
of eastern grey kangaroos (Macropus giganteus). Thus, the low wallaby scat density 
between November and January at Bangor and September, October and December at 
Central Plateau may mean that scarce feed was reflected in lower animal numbers 
(due to mortality), rather than that the grazers had moved elsewhere as wallaby are 
known to stay within a home range (Johnson 1987). 
The use of wombat scats to determine vegetation preference may also be unreliable 
due to wombat behaviour. Wombats defecate around burrows and also use latrines or 
slightly elevated positions to deposit scats (Taylor 1993). For example, the 
piezometers, which protruded 5 cm above the ground, would often have a wombat 
scat perched on top. In addition wombat scat deposition behaviour appeared to be 
influenced by scat removal. At the Bangor site at the start of the experiment, there 
were a number of obvious latrines, both on the lawn and in adjoining bush plots. 
Scats were particularly plentiful in runways through the tussock leading to the lawn.  
All plots were cleared at the start of the experiment and all runways and latrines were 
noted. Following the second removal of scats from these sites some of these latrines 
and runways were not used again and others only occasionally. At the second scat 
count, September–October 2005, wallaby scats remained stable (Figure 2.9) while 
wombat had dropped (Figure 2.10). While wombat and wallaby scat counts reflected 
a similar pattern of grazing through the months, wombat scat counts, unlike wallaby 
scat counts declined (Figure 2.10). Wombats were sighted in similar numbers 
throughout the experiment on lawns nearby, while coming and going from the study 
site. This suggests that wombats had not left the area, but that removing scats had 
changed the deposition behaviour. Hence, the scat count tally for wombats may not 
reflect the true density of wombats in the area but as this would be true for both 
habitats it should not affect the findings. In spite of these limitations it was 
noteworthy that at Bangor, wombat lawn scats did exceed bush scats for three of the 
12 months of surveys (Figure 2.10), and that the scat density at both sites confirmed 
the presence of these grazers in all seasons. 
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2.16.2 Scat decomposition 
The ‘in situ’ and cage experiments and photopoints confirm that untrampled rates of 
scat decomposition are such that monthly scat counts provided a reasonable estimate 
of wallaby, wombat and rabbit activity at both sites. When not protected by an 
exclosure scats deposited along bush tracks and on the lawn could disappear quickly 
if trampled. It is estimated that up to 10% is lost to trampling but this would equally 
affect both lawn and bush plots. Rates of decay were expected to be faster at Bangor 
given the warmer conditions which presumably would encourage increased 
invertebrate activity in the decomposition process (Southwell 1989). However, warm 
conditions may be negated by hot dry conditions ‘baking the scats’ at Bangor which 
would work against rapid decomposition even after rain. In the caged experiments 
(May 2006 to March 2007) the Bangor rates of decomposition (Figure 2.15) appeared 
to be similar to the Central Plateau (Figure 2.14) where the cold conditions were 
expected to reduce rates of decay. Johnson and Jarman (1987) in their study found 
that scats in warm, moist conditions in short grass decayed faster than in other 
habitats, but this was not verified in the present study. It was the trampling of scats 
that caused the most deterioration. 
In spite of the limitations in using scat counts to determine grazing pressure and 
preferred habitat, the scat data is unequivocal in confirming that the lawn and bush 
plots are subject to year round grazing pressure by marsupials and rabbits, except 
when under water. Even under water may not be ‘out of bounds’ for marsupial 
grazers. At Narawntapu N.P. (see Chapter 4, Figure 4.1 for location), Stewart 
Blackhall (Wildlife Biologist, Department of Primary Industries and Water, Hobart) 
reported (pers. com) watching a wallaby wade into an inundated area of the grazing 
lawn and scoop up with its paws floating vegetation, which it then ate. 
2.16.3 Exclosure experiment 
The exclosure experiment demonstrated that grazing pressure prevented taller 
vegetation from dominating lawn vegetation. This was most marked at the Bangor 
site where shrubs and tree seedlings in the exclosures increased up to 24 cm in height 
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relative to those outside, while at the same time significantly more seedlings 
established in the exclosure quadrats than in the controls (Table 2.5). These findings 
also negate the competition hypothesis that woody species are out-competed by the 
more aggressive lawn species. There was no increase in the number of seedlings in 
the bush quadrats where the source of seed would be high, perhaps due to lack of 
light and to competition with existing trees and shrubs for resources (Table 2.5).  
Slower growing species, at the higher altitude (1150 m asl), Central Plateau site 
produced less dramatic results. While the woody seedlings in the exclosure quadrats 
did not significantly increase, seedlings excluded from grazing grew three times taller 
than those in control quadrats (Table 2.5).  
In March 2007 dozens of Ozothamnus hookeri seedlings were found to have 
germinated on one part of the lawn, following a drier spring and hotter summer than 
the previous year. The fact that the seedlings were able to germinate in the lawn 
sward, and in such numbers, suggests that competition was not the reason for lack of 
recruitment on the lawn. O. hookeri is a prolific seed producer and the seeds are 
wind-dispersed (personal observation), so unlike Leptospermum lanigerum which 
would not easily travel far from the parent bush, O. hookeri could easily disperse to 
the centre of the lawn by wind or float across it when inundated.  
Explanations for the lack of O. hookeri germination in the exclosures in 2005/6 
include viability of O. hookeri seeds is short lived, dormancy has not been broken or 
they do not tolerate waterlogging. A major part of the lawn was waterlogged for 
nearly eight months in the first year of sampling. Seeds released onto the lawn in late 
autumn of 2005 would not germinate till the following spring. By late spring (Nov. 
2005) at Central Plateau the lawn was underwater and a major part of it would remain 
so till February 2006. Early summer rainfall in late 2005 was the highest ever 
recorded resulting in extremely wet conditions. It is possible that seeds could float to 
higher ground to germinate when the water on the lawn rose but this seems unlikely 
here as the seeds from autumn would have bedded in by the time the lawn became 
inundated. The lawn area, where woody seedlings were found in March 2007, is 
slightly elevated compared to the rest of the lawn and had been moist, but not 
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inundated, in the previous spring, indicating that microsite differences may be 
important for woody seedling establishment here. 
At both sites, the seedlings that successfully established in either the exclosures or 
controls were in areas immediately adjoining the bush-lawn boundary (zone 1, Figure 
2.3 and Figure 2.5) indicating that successful establishment is related to distance from 
bush edge.  
With reference to the first hypothesis (i.e. that vertebrate grazing maintains the 
boundary), the exclosure experiment unequivocally confirms the impact of grazing on 
vegetation, through suppression of woody species establishment and growth on the 
lawns. With grazing removed, woody species were clearly able to flourish. The 
second hypothesis that environmental factors alone are responsible for the 
establishment of lawns was not unequivocally supported. While the results of the 
exclosure and shadehouse experiments discount the hypothesis that environmental 
variables are solely responsible, the interacting effects of grazing and environmental 
factors, as explained further below, may be critical in explaining the lawn 
phenomenon.  
2.17  Environmental variables  
2.17.1 Temperature  
It was expected that the exposed lawn would be subjected to more extreme 
temperatures at each altitude and this was the case for Bangor where the mean 
maximum temperature was significantly higher and mean minimum temperatures 
were lower than the bush. However, the reverse scenario was the case for the Central 
Plateau where the bush maximum and minimum temperatures were respectively 
significantly hotter and colder.  The disparity in findings between the two sites may 
be due to the effects of inundation. Although the data logger was placed at the same 
height (20 cm above the ground) at both sites the lawn was inundated for more 
months at Central Plateau and reflections from the water may have affected the 
temperature readings at this site, as Fensham and Kirkpatrick (1992a) in their 
Tasmanian grassland boundary study, found the open grasslands were colder than the 
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adjoining forest. Frost heave, which can adversely affect woody seedlings through 
exposure of the roots, was noted on the lawn at both sites in winter when the lawn 
was not inundated.  
While the data loggers may have missed the true extremes they give an indication of 
the severe temperature fluctuations (Figure 2.21 and Figure 2.24) that the lawn plant 
species, particularly the soft herbaceous species, have to endure. Nevertheless woody 
seedlings at both sites survived on the lawn. Thus extremes of temperature are not a 
satisfactory explanation for the lawn structure at these sites.  
2.17.2 The inundation and waterlogging explanation 
Water table height was not found to be critical to maintaining the lawn boundary 
across both sites. While at the Central Plateau and Bangor sites the water table levels 
were significantly higher on the lawn edge compared to the bush edge, when the two 
sites were compared the mean water table in the bush at Central Plateau was higher 
than the mean lawn water table at Bangor.  
Lawns are common in swales and small depressions so it was expected that the 
topography of the two sites would accord with this. At the Central Plateau site the 
lawn was lower than the adjoining bush area, apart from a small area at the eastern 
end of the lawn, but at the Bangor site the south and western bush plots were lower 
than the immediately adjoining lawn plots. This topographic situation indicates that 
waterlogging through inundation of a swale or depression is not the cause of the 
boundary here. 
The shadehouse experiments also suggest that waterlogging is not the explanation for 
suppression of woody species at the Bangor site. Leptospermum lanigerum, the main 
woody species found on the lawn-bush boundary, not only tolerated waterlogging but 
appeared to thrive. Seedlings waterlogged for the longer treatments (12 and 16 
weeks) grew faster than the seedlings in the four week treatment group. While 
shadehouse experiments are not the same as ‘in situ’ experiments, it does indicate that 
waterlogging would not negatively affect L. lanigerum seedlings established on the 
lawn, and the growth during warmer longer days suggests that waterlogging may 
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even favour the invasion of this species under these conditions (Figure 2.32). The 
Bangor site certainly presented evidence of this being the case. After inundation, the 
waterlogged southern and western bush and lawn plots produced numerous L. 
lanigerum seedlings.  
L. lanigerum appears to have high tolerance for waterlogging (Figure 2.32) which is 
in keeping with findings for L. scoparium (Cook et al. 1980; Pryor et al. 2006). Cook 
et al. (1980) partially submerged (half way up the stem) L. scoparium for 25 months. 
These plants survived by the development of aerenchyma layers and adventitious and 
lateral roots. Pryor et al. (2006) compared L. scoparium tolerances to waterlogging 
with other woody species found in Tasmania, and found Acacia melanoxylon also 
tolerant of waterlogging, but not Nothofagus cunninghamii or Eucalyptus obliqua.  
The laboratory experiment using the slow growing Central Plateau Ozothamnus 
hookeri showed that this species was also able to survive prolonged waterlogging. 
However, compared to L. lanigerum the greatest growth was made in the control 
treatment, indicating a tolerance of waterlogging rather than a favouring of this 
condition (Figure 2.32). Waterlogging was therefore found not to be an explanatory 
factor for the lawn structure at either site.  
2.17.3 Soil moisture and soil conductivity 
While water levels and topography were not determinants for the lawn-bush 
boundary across all altitudes, the lawn had significantly higher moisture levels 
compared to the bush and this was common to both sites, and for all months. While 
bush plots would be expected to have less evaporation because of shading, the canopy 
interception of rain, and use of moisture by shrubs and trees, have obviously 
outweighed this effect. At Bangor, shrubby bush plots which were at a lower 
elevation than the adjoining lawn plots and occasionally inundated, were still drier 
than the adjoining lawn plots, emphasizing the drawing power, interception and 
transpiration of shrubby vegetation compared to herbaceous vegetation. 
The species that dominate the lawns are associated with sites that are constantly moist 
and many of them are commonly found in wetlands (Kirkpatrick and Harwood 1983; 
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Pharo and Kirkpatrick 1994; Johnson and Rogers 2003). However, most of the lawn 
species also occur in small patches in the bush understories at both sites.  
Higher soil conductivity was not significant across all altitudes; the Bangor bush 
conductivity was not significantly lower than the Central Plateau lawn conductivity. 
Nevertheless the soil conductivity on the lawn at Bangor was very high. Higher soil 
conductivity is usually associated with higher salinity and/or difference in soil 
structure (McDonald et al. 1990; Lund et al. 1999). Salinity has been shown to affect 
growth in plants (Kozlowski 1997; Al-Busaidi et al. 2008), particularly woody 
species as shown in an agroforestry trial using Eucalyptus globulus (Sudmeyer and 
Simons 2008). Combined waterlogging and salinity has been found to decrease 
growth and survival of woody plants more than either stress alone (Kozlowski 1997).  
The high lawn salinity may be an explanation for excluding woody seedlings at 
Bangor where in extreme storm events  inundation from the sea has been shown to 
reach as far inland as the Bangor lawn site (see Chapter Four). 
2.17.4 Soil nutrients 
Higher soil nutrients have been suggested by some authors as an explanation for 
higher nutritive quality of lawn species which in turn attract grazers (McNaughton et 
al. 1997; Karki et al. 2000). Plant species in this study were not analysed for their 
nutritive qualities but lawn soils were expected to be higher in soil nutrients than the 
adjoining bush plots. This was partly true for Bangor where the lawn had 
significantly higher pH and % nitrogen than bush plots. However % carbon was 
higher in bush plots and there was no difference in P between lawn and bush (Table 
2.6) in spite of the bush plots generally having higher scat counts. At the Central 
Plateau site the lawn soils had significantly higher % carbon than the bush soils 
However, overall the soils were nutrient-poor and both were poorer than at Bangor. 
Thus higher lawn nutrient levels are not an obvious explanation for the lawn structure 
(Table 2.6), though testing plant nutrients might reveal the nutrients from urine and 
dung are recycled quickly.  
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2.17.5 The impact on woody plants of seasonal changes in 
grazing pressure 
Seasonal patterns of scat counts may be part of the explanation in the suppression of 
woody species, as an increase in herbivore grazing at times of high lawn productivity 
has been shown in a number of studies (McNaughton 1985; Kröger and Rogers 
2005). High productivity would expect to coincide with high soil moisture, warmer 
temperatures and increased day length. Marsupial grazing peaked at the Central 
Plateau site and at the Bangor site at a similar time, that is, February and March 
(Figure 2.9, Figure 2.10 and Figure 2.12). Lawn moisture levels were still high in the 
two months preceding these peaks (Figure 2.23 and Figure 2.26) as were lawn 
temperatures and day length, all conditions suitable for increased plant growth. These 
conditions would also benefit the growth of any woody seedlings germinating and 
establishing on the lawn. Grazers attracted to the lawn would presumably ‘mow’ 
these seedlings down as they grazed the lawn, hence the lawn remains as a ‘lawn’ 
through the particular set of interactions of environmental factors and grazing.  
At the Bangor site another possible explanation of grazing densities increasing on the 
lawn in late summer and early autumn is that feed elsewhere may have diminished; 
attracting grazers back to the lawn, again at that critical time when new woody 
seedlings would be getting established but also a time when herbaceous species have 
finished flowering and set seed.  
Rabbits prefer lawns and may ‘mow’ down tiny woody seedlings in the same manner 
as marsupials. The pattern of scats for rabbits indicates similar peak times as for the 
marsupials (February-March) when they would be in direct competition with the 
marsupials for lawn resources. Rabbit scat counts also peaked at Bangor in November 
2005 (Figure 2.11) when marsupial scat counts were low, (also a time when woody 
seedlings could be establishing), but almost disappeared in December 2006 following 
a wet spell, presumably because their burrows were flooded and they may be more 
prone to disease associated with wet weather. 
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2.18  Conclusion 
The main determinant of the lawn structure appears to be year round grazing by 
marsupials and rabbits that ‘mow down’ woody species and tussocks, potential 
invaders of the lawn, before they are fully established. Scat counts confirmed the 
presence of marsupials and rabbits in high numbers (both in lawn and bush plots), 
and the increasing numbers of plants in the exclosures at Bangor over the 
experimental period indicate that by excluding grazers, woody seedlings can establish 
and flourish on the lawn.  
Grazing intensity (indicated by scat density) fluctuated throughout the year, periods 
of intense grazing at critical points (February, March, April) when woody species that 
had germinated in the previous spring were most likely to get a foothold, appear to be 
sufficient to maintain the lawn-bush boundary. High soil moisture was the only 
environmental factor that significantly differed in the same direction between lawn 
and bush at both sites. High moisture levels could create productive lawns that in turn 
attract a level of grazing that prevents invasion by woody species. In Tasmania, 
summer is likely to be a time of peak productivity, as days are long, temperatures 
high and soils are moist but not inundated. The observed peak in grazing pressure in 
February – April) therefore suggests that mammals concentrate on the lawns when 
fodder in the surrounding vegetation is low (which suffers peak moisture stress at this 
time). This is in keeping with other studies where herbivore grazing has been shown 
to increase at times of high lawn productivity (McNaughton 1985; Kaki et al 2000; 
Kröger and Rogers 2005). 
It might appear that rabbits that rabbits are contributing to the maintenance of the 
lawns at these sites bringing into question the local term ‘marsupial lawns’. Rabbit 
scat density was significantly higher on the lawns than adjoining vegetation at both 
sites. However, the rabbit population at Bangor crashed from time to time 
(presumably in response to disease and/or wet weather) so in some months there was 
little rabbit grazing. While rabbit scat density at Central Plateau was also significantly 
higher on the lawn, the scat count was extremely low (mean rabbit scats were 41 cf 
mean wallaby scats of 79 per month 5m2) indicating that rabbits are making only a 
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minor contribution to the lawn maintenance in these areas. An additional argument is 
found in areas of the west coast of Tasmania where there are no rabbits (see Chapter 
Four). Here marsupial lawns are widespread.  
Other environmental factors such as water table, waterlogging, soil conductivity and 
extreme temperature fluctuations and high soil nutrients do not appear to exclude 
woody species from invading the lawn at all altitudes. Competition from lawn 
herbaceous species in the exclosures did not appear to inhibit establishment of woody 
seedlings. 
The interaction of high soil moisture and year round grazing means that the system is 
finely balanced, and if either grazing or soil moisture was reduced, lawns could 
disappear. For example, the grazing pressure could be affected by the loss of native 
fauna leading to a cessation of grazing or a substantial fire creating multiple flushes 
of new growth in the landscape, attracting grazers away from the established lawns 
(Archibald 2008). Alternatively if moisture levels were to drop, then productivity on 
the lawn would drop, and grazing animals would be less attracted to the lawn to 
graze, providing the opportunity for taller vegetation such as woody species or 
tussocks to invade. An alternative scenario is that as lawn and bush areas are equally 
grazed, suppressing woody species in both areas, and over a period of 4-500 years 
without fire, lawn areas could expand over time, following the death of mature 
shrubs.  
These findings suggest that the term ‘marsupial lawn’ or ‘grazing-lawn’ is an apt 
description for this vegetation structure in the Tasmanian landscape, and that both 
appropriate environmental conditions and regular grazing pressure may be required 
for the continued maintenance of lawns. 
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3  Do lawns have a distinct biota? 
3.1 Introduction 
Grazing, high levels of soil moisture (which can include inundation) are distinctive 
features of Tasmanian marsupial lawns (see Chapter 2). Marsupial lawns may be an 
ecosystem that supports specialist taxa or alternatively, a subset of the taxa found in 
the adjoining bush, which recolonise the lawn following a disturbance such as 
inundation.  
Plant species most likely to be associated with lawns are those adapted to grazing and 
moist conditions. These include herbs that propagate through stolons (Goodeniaceae, 
Convolvulaceae), rhizomes or bulbils (Oxalidaceae), or have appressed leaves and 
flowers that are below the leaf structures, such as members of the Asteraceae and 
Ranunculaceae, and those that produce elongated stems to float on the water surface 
like Myriophyllum spp. (Haloragaceae) where rooted nodes hug the soil surface and 
internodes elongate to reach the water surface when flooded.  
Invertebrates are a major component of the lawn fauna. Invertebrates are often 
overlooked in ecological studies, but they are the most diverse and abundant animals 
in most ecosystems. They are essential in maintaining critical ecological processes, 
such as nutrient turnover, soil bioturbation and decomposition (Andersen 1988; Lee 
and Foster 1991; Curry 1994; Harvey and Yen 1997; Eldridge and Myers 1998) seed 
dispersal (Westoby et al. 1990; Moles et al. 2003; Javier et al. 2004), predation 
(Andersen 1989; Javier et al. 2004) and pollination (Armstrong 1979; Hegland and 
Totland 2007), all functions that could help maintain a lawn.  
In some locations, invertebrates such as Orthoptera (crickets and grasshoppers), have 
been shown to reduce grassland biomass to a similar degree as vertebrate grazers 
(Sinclair 1975; Hewitt and Onsager 1982; Onsager 2000; Branson et al. 2006). Direct 
losses in primary production attributable to consumption by non-outbreak
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 grasshopper populations have been estimated in several studies; these range from 
less than 1% of primary production to more than 10% (Andrzejewska and Wojcik 
1970; Curry 1994). Thus the role of grasshoppers and crickets, alongside vertebrate 
grazers in maintaining a lawn must not be overlooked. 
At least five other invertebrate orders are likely to directly live off grazing lawns: 
herbivorous Coleoptera (beetles), Hemiptera (bugs), Lepidoptera (butterflies and 
moths and their larvae), Diptera (flies and their larvae) and Hymenoptera (sawflies 
and wasps). These chew or suck herbaceous vegetation, eat detritus and feed on roots. 
Invertebrates that feed directly on the living tissues of plants are referred to as 
phytophagous insects and make up approximately one quarter of all extant species 
(Andrzejewska and Gyllenberg 1980; Strong et al. 1984; CSIRO Division of 
Entomology 1991; Daley 2007).  
Studies of plant communities and their associated invertebrate communities have 
been undertaken for alpine herbfields (Mark 1989), ephemeral wetlands (Batzer and 
Wissinger 1996) and in grasslands (Curry 1994; Branson et al. 2006), particularly 
grazed grasslands used for livestock (Purvis and Curry 1981; Reddersen 1992; 
Bromham et al. 1999), but invertebrate communities of naturally occurring marsupial 
lawns have not been studied to date.  
3.2 Aims 
In addressing the second aim of the thesis “Do lawns have a distinct biota?” this 
chapter approaches the task by asking the following questions. 
1. Do lawns have a plant community that is floristically distinct, from the 
adjacent woody vegetation?  
2. Do lawns have a distinctive invertebrate community, including faithful 
species, different to that of the adjacent woody vegetation?  And in addition:- 
3. To explore whether the herbivorous invertebrates are likely to have a role in 
maintaining the lawn structure. 
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3.3 Methods 
3.4 Study Sites and Study Design 
The two study sites, a lowland coastal site at Bangor and a highland site on the 
Central Plateau, were used for sampling plant and invertebrate species on the grazing 
lawn and the adjoining bush. See Chapter Two for a detailed description of study 
sites and layout and location of lawn and bush 5 × 5 m plots (Figure 2.3 for the 
Central Plateau and Figure 2.5 for Bangor). 
3.5 Plant sampling  
3.5.1 Description of bush areas 
For a description of the vegetation surrounding the lawn at both sites a record of main 
canopy and subcanopy bush species was compiled from the 20 5 × 5 m bush plots in 
March 2006. Ground layer species were compiled from quadrat data as described in 
the next section. 
3.5.2 Sampling lawn and bush quadrats 
Lawn and bush plant species and percent cover were recorded from 20 pairs 
(exclosure and controls) of 50 × 50 cm quadrats nested within 20 5 × 5 m lawn plots 
and from 10 pairs of 50 × 50 cm quadrats in the bush plots. Placement of the paired 
quadrats is described in Chapter 2 section 2.6.4 (Grazing exclusion experiment).  
Species sampling of quadrats was undertaken when establishing the paired exclosure 
and control experiment in June 2005 and measured again after 10 months in March 
2006 and after 11 months in February 2007 (Figure 3.1). From the three years of data 
a complete species list of lawn and bush understorey species was compiled. 
As erecting the exclosures could alter the lawn conditions, data from the first census 
in 2005 was used to estimate the cover of the main lawn and bush understorey flora. 
The mean cover (± 1 SE) of all species in exclosure and control quadrats was 
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calculated for the lawn and bush quadrats using Minitab version 15. The species were 
assigned to one of the following lifeform categories: 
1 =  Prostrate herb - Creeping/rosette/mat (Dicotyledon) 
2 = Upright herb (Dicotyledon) 
3 = Grass (Poaceae) (Monocotyledon) 
4 = Sedge (Cyperaceae, Juncaceae) (Monocotyledon) 
5 = Woody (Dicotyledon) 
 
 
Figure 3.1. Central Plateau lawn quadrat (50 × 50 cm) showing method of sampling and 
some of the plant species commonly found on the site: Velleia montana, Nertera 
depressa, Schoenus calyptratus and Euchiton argentifolius. On the left (yellow arrow) is a 
PVC pipe in which the pitfall trap is placed.  
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3.6 Invertebrates 
In each of the 20 lawn and 20 bush plots at each site a pitfall trap was placed 
alongside each of the exclosures (i.e. 20 bush and 20 lawn traps) (Figure 3.1). The 
side to place the pitfall trap was chosen randomly (by pulling tags labelled north, 
south, east or west out of a bag). Ten of the bush plots had no exclosures so the pitfall 
traps in these plots were located randomly in a corner of the 5 × 5 m plots 
(determined by the same random method above). The placement of the pitfall traps 
near the exclosure was to minimize damage by animals passing through the plot. 
Each pitfall trap consisted of PVC downpipe sleeve (80 mm diameter × 100 mm 
length) buried flush with the ground to serve as a liner. A plastic cup (75 mm 
diameter × 100 mm deep) was placed within the sleeve. Each cup was two-thirds 
filled with a preservative, ethylene glycol (antifreeze), and covered with a plastic lid 
supported by three wooden skewers 2 cm off the ground to reduce water and debris 
entering traps.    
The limitations of pitfall traps have been discussed by many authors (e.g. Luff 1975; 
Topping and Sunderland 1992; Melbourne 1999). Pitfall catches may be influenced 
by factors such as trap placement, vegetation type, weather conditions, interference 
by curious animals such as possums, and differential species activity (Luff 1975; 
Topping and Sunderland 1992; Southwood and Henderson 2000). However, in 
comparative studies of this type in which similar habitats are sampled 
contemporaneously these limitations would apply equally to all sites. While pitfall 
traps do not provide an absolute estimate of abundance they have been shown to 
provide a good approximation of the relative number of species in a range of habitats 
(Luff 1975; Topping and Sunderland 1992; Southwood and Henderson 2000). 
3.6.1 Invertebrate sampling period and processing data  
Bangor lawn and bush pitfall traps were put in place in December 2005 and the 
contents of the 80 pitfall traps were retrieved monthly until they were permanently 
withdrawn in May 2006 (after 5 months of sampling). Central Plateau bush pitfall 
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traps were placed in November 2005 and withdrawn in May 2006 (after 6 months 
sampling). The lawn traps were placed in February 2006 (the delay for the lawn traps 
was due to inundation) until May 2006 (after 3 months of sampling) when the traps 
were permanently removed. The contents of the pitfall traps when removed each 
month were placed in 80% ethanol to preserve the specimens. 
3.6.2 Comparing invertebrate and vertebrate activity 
In Chapter 2 vertebrate grazing (particularly wallaby) was demonstrated to be an 
important factor in maintaining the lawn sward. The third aim of this chapter was to 
‘explore’ the contribution that invertebrates might make in maintaining the lawn 
sward. A comparison of invertebrate activity with wallaby activity may give an 
indication of when invertebrate activity peaked compared to wallaby. To assess this 
the number of herbivorous invertebrate individuals in each pitfall trap within each 5 × 
5 m plot was compared to the number of wallaby scats in each 5 × 5 m plot for each 
month of sampling. 
3.6.3 Sticky traps 
As the lawn sward attracts many flying invertebrates an additional method of 
sampling using sticky traps was added at Bangor in April and May 2006 and at the 
Central Plateau site March, April and May 2006. Sticky traps are efficient at 
sampling the flux of small airborne insects that move just above the ground layer. 
Both active and passive dispersers are sampled by this method. Since the traps are 
exposed for an extended period, they provide an integrated view for each site. Many 
of the important terrestrial predators at the sites, such as lycosid spiders, ants and 
predatory beetles, are likely to obtain at least a proportion of their diet from these 
small drifting insects as they are scattered over the ground. 
Sticky traps were made from one side of a compact disk case coated with 
Tanglefoot® (Bar-Ness et al. 2006) were placed on the side of the exclosure using 
wire through a centre hole (Figure 3.2). The exclosure side was determined by the 
same random method as for pitfall traps. The lid of the compact disk was removed on 
site and kept to protect the sticky trap when collected at the end of each month of 
Chapter Three. Methods: The Biota 
 93
sampling. As the exclosures were used to mount the traps 20 were placed on the lawn 
and 10 in the bush. 
3.6.4 Sorting and identification 
Pitfall traps were brought back to the laboratory for sorting into species and 
morphospecies using a low-power binocular microscope and Maggylamp by CMR 
and a volunteer. Species from both pitfall and sticky traps were identified by 
entomologist Dr Peter McQuillan, University of Tasmania. Fungus-feeding 
Onychiuridae specimens (Collembola) were not individually counted due to their 
extremely high abundance and propensity to be distributed passively by wind and 
water flow. No preliminary sorting was done of the sticky traps. Because of the high 
volume of insects the sticky trap was placed over a printed grid square 10 x 10 mm 
for counting and identification under a binocular microscope. Plant species were 
verified by Professor Jamie Kirkpatrick, University of Tasmania. 
3.6.5 Analysis of pitfall and sticky trap data 
Species from the major insect orders Orthoptera, Coleoptera, Hemiptera and 
Lepidoptera were identified from Central Plateau and Bangor pitfall traps (lawn and 
bush) for all the months sampled. Species-specific counts of individuals were summed 
across all pitfall traps at each site for lawn and bush and then divided by the number of 
intact traps for that month e.g. 20 (maximum) per month if all traps were undisturbed 
on the lawn. Traps were occasionally pulled out by possums, wombats or birds, or 
flooded. 
As a comparison of lawn and bush traps was the focus, only months where lawn and 
bush traps were collected were included in the analysis.  Thus for Bangor a total of 87 
lawn and 94 bush pitfall traps covering five months (January–May 2006) and for 
Central Plateau 58 lawn and 57 bush traps for the three months (March – May 2006) 
were used for the analysis.  
The data set produced will be referred to as “invertebrate herbivores” even though it 
includes a few Coleoptera that are not obligate herbivores (some beetles are 
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opportunistically predatory). This data set was then used to compare total species 
richness and abundance between habitat-types (lawn and bush), and for analyses of 
assemblage composition and indicator taxa for lawn and bush and monthly changes in 
invertebrate composition. 
For ordination figures the invertebrate data from both pitfall and sticky traps was 
analysed using non-metric multidimensional scaling (nMDS) in the ecological 
software package PC-ORD 4 (McCune and Mefford 1999). Before analysis the data 
was transformed as log (x + 1) and species trimmed that were less than 0.6% of the 
data set. The Sorenson index was used to compare samples and default settings were 
used. Solutions were sought in three or less dimensions and a satisfactory stress level 
was considered to be less than 0.200. The stress is a measure of correspondence in 
ordination in space between distances in the ordination and the actual Sorenson 
distances, and is expressed in percentages. The lower the % the greater the 
correspondence. Those taxa which correlated most strongly with the ordination 
outcome, were fitted as linear vectors in the same ordination space, in order to 
illustrate the direction of maximum correlation with the ordination. R values were 
calculated for each of them. An R2 value of 0.200 was used as a cut-off level and are 
the ones shown on the figures. 
The indicator value (IndVal) procedure of Dufrêne and Legendre (1997) was used in 
PC-ORD to help identify those herbivore species that were especially characteristic 
of either the lawn or bush habitat, based on their degree of site fidelity and relative 
abundance. The statistical significance of association with either bush or lawn was 
tested by a Monte Carlo method using 1000 random permutations of the data. This 
identified sets of species considered to be either significant "lawn indicators" or "bush 
indicators". The richness of lawn and bush indicator species was then compared. For 
sticky traps, in addition to indicator analysis in PC-ORD, lawn and bush species were 
compared using one-way Anova (Minitab version 15). 
As Bobilla (Gryllidae) crickets were the most abundant species captured at Bangor an 
examination of its life cycle based upon the profile of instars each month was made to 
help determine whether Bobilla maintained the typical life-cycle profile of grassland 
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species, remaining faithful to the lawn through these stages. A subset of pitfall traps 
were randomly chosen from the full set for analysis of instars: March (7), April (6) 
and May (11). 
 
 
Figure 3.2. Exclosure showing placement of pitfall trap with cover (white arrow)  
and placement of sticky trap (yellow arrow), Central Plateau bush plot. 
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3.7 Results 
3.8 Bush canopy and subcanopy species 
3.8.1 Bangor bush  
The dominant canopy species, Eucalyptus ovata and E. pulchella are 20-30 m high 
(Figure 3.3). Common species within the subcanopy include Banksia marginata 
(Proteaceae), Leptospermum scoparium, L. lanigerum (Myrtaceae), Bursaria spinosa 
(Pittosporaceae), Acacia verticillata, A. melanoxylon (Mimosaceae), Exocarpos 
cupressiformis (Santalaceae) and Leucopogon parviflorus (Epacridaceae). Lomandra 
longifolia (Lomandraceae) and Lissanthe strigosa (Epacridaceae) dominate the 
understorey. 
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Figure 3.3. Lawn-bush boundary (top) and centre bush plots (lower) surrounding 
grazing lawn at Bangor site, illustrating the dramatically different structural elements 
and habitat of the bush compared to the adjoining lawn.  
 
Chapter Three. Results: The Biota 
 98
 
 
Figure 3.4. An illustration of the structural contrast of the grazing lawn compared to 
the adjoining alpine heath at the Central Plateau site. In the top photograph foreground 
Ozothamnus hookeri covered in flowers adjoins the grazing lawn. Below is the interior 
of the alpine heath showing some of the other common species found on the dunes (of 
dolerite sands derived from glacier fluvial outwash) that surround the grazing lawn.  
.
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3.8.2 Bangor lawn and bush vascular plant species from 
quadrat sampling 
Forty species from 21 families were found over three censuses (June 2005, March 
2006 and February 2007). Sixteen out of the 40 species were common to both lawn 
and bush quadrats (Appendix 1).  
On the lawn 21 species from 12 families were found in 40 (50 × 50 cm) quadrats. The 
majority of these were prostrate herbs (lifeform 1) or upright herbs (lifeform 2) and 
dicotyledons. In 20 bush quadrats 34 species from 20 families were found over the 
same period with grass (lifeform 3) and woody species (lifeform 5) well represented 
(Appendix 1).  
Grasses were not found on either the Bangor or Central Plateau lawns in the first 
sampling but were found within exclosures in the subsequent sampling. They may 
have been present on the lawns but undetected. However, dicotyledons were 
dominant at both sites, comprising 72 % of the lawn taxa at both Bangor and Central 
Plateau and 63% and 54% of the cover at Bangor and Central Plateau respectively.  
At the initial survey in 2005 although all woody species were present in lawn plots 
adjoining the bush these were small and few in number. The establishment of the 
exclosures increased the number and height of woody species in the lawn quadrats 
(see previous chapter).    
On the lawn the appressed herb Selliera radicans and the sedge Schoenus nitens 
provided the main vegetation cover often sharing quadrat cells (Table 3.1). However, 
in the bush quadrats no S. radicans was found and S. nitens only recorded a mean 
cover of c. 13%. Bare ground or litter accounted for more than half the bush ground 
cover (60%) while woody species accounted for c.11% of the cover (Table 3.1).  
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Table 3.1. Bangor plant species percent cover for 40 (50 × 50 cm) lawn quadrats and 20 
(50 × 50 cm) bush quadrats in May 2005 of most abundant to not so abundant. Lf = 
Lifeform: Herb, creeping/rosette/mat = 1, Upright herb = 2, Grass = 3, Sedge = 4, 
Woody = 5, m/d = monocotyledon/dicotyledon, Mean ± SE is the mean and standard 
error of N = number of quadrats sampled.  Blank spaces indicate that that species was 
not found in that habitat. 
 
Bangor plant species LAWN 
(N=40) 
BUSH 
(N=20) 
  
Family Species Mean ± SE Mean ± SE Lf m/d 
Goodeniaceae Selliera radicans 59.88 ± 3.54  1 d 
Cyperaceae Schoenus nitens 47.72 ± 5.18 12.90 ± 2.86 4 m 
Myrtaceae Leptospermum spp.   1.26 ± 0.30  0.10 ± 0.10 5 d 
Convolvulaceae Wilsonia backhousei   1.19 ± 0.26  1 d 
Apiaceae Eryngium vesiculosum   0.93 ± 0.31  1 d 
Myrtaceae Eucalyptus ovata   0.20 ± 0.11  5 d 
Epacridaceae Lissanthe strigosa  8.70 ± 5.00 5 d 
Bryophyta Bryophyte  5.60 ± 3.28 1  
Poaceae Agrostis sp.  6.35 ± 2.37 3 m 
Epacridaceae Epacris impressa   2.30 ± 1.77 5 d 
Lomandraceae Lomandra longifolia  1.05 ± 0.90 4 m 
Poaceae Themeda triandra  1.25 ± 0.67 3 m 
Apiaceae Centella cordifolia  0.05 ± 0.03  0.62 ± 0.26 1 d 
Oxalidaceae Oxalis perennans  0.80 ± 0.46 1 d 
Asteraceae Leontodon sp.  0.35 ± 0.21 1 d 
Juncaceae Juncus sp.  0.30 ± 0.21 4 m 
Asteraceae Leptinella reptans  0.28 ± 0.18 1 d 
Primulaceae Samolus repens  0.05 ± 0.05 1 d 
Asteraceae Euchiton collinus  0.03 ± 0.03 1 d 
Ranunculaceae Ranunculus sp.  0.03 ± 0.03 1 d 
     
 Bare ground 15.25 ± 1.95 30.45 ± 9.04   
 Litter cover  29.40 ± 6.89   
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3.8.3 Central Plateau lawn and bush plant species from quadrat 
sampling 
Sixty-three species from 26 families were found in lawn and bush quadrats over three 
censuses (June 2005, March 2006 and February 2007). Twenty-one species were 
common to both lawn and bush quadrats (Appendix 2). On the lawn 48 species from 
25 families were found. The majority of these were prostrate herbs or upright herbs 
and dicotyledons (Appendix 2). In the bush quadrats 35 species from 17 families 
were found and the majority of these were sedges and shrubs (Appendix 2).  
In the 2005 census the herbaceous species, such as Velleia montana and Ranunculus 
spp. (lifeform 1) dominated the lawn with c. 50% cover and the sedge Schoenus 
calyptratus (lifeform 4) contributed c. 40% of the cover (Table 3.2). 
In the bush understorey plots bare ground (usually sand) and Poa gunnii (lifeform 3)  
each accounted for nearly half of the cover, while woody species and the sedge  
Empodisma minus (lifeform 4) made up the majority of the other minor species 
(Table 3.2).  
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Table 3.2. Central Plateau plant percent cover for 40 (50 × 50 cm) lawn quadrats and 20 
(50 × 50 cm) bush quadrats in May 2005. Lf = Lifeform: Herb, creeping/rosette/mat = 1, 
Upright herb = 2, Grass/poa = 3, Sedge = 4, Woody = 5, m/d = 
monocotyledon/dicotyledon. Mean ± SE is the mean and standard error of N = number 
of quadrats sampled. Blank spaces indicate that that species was not found in that 
habitat. 
 
Central Plateau 
Family                 Plant species 
LAWN 
(N=40) 
BUSH 
(N=20) 
Lf m/d
Cyperaceae Schoenus calyptratus 40.50 ± 4.67  4 m
Poaceae Poa gunnii 28.70 ± 5.98 3 m
Ranunculaceae Ranunculus spp. 20.19 ± 2.14  1 d
Goodeniaceae Velleia montana 12.20 ± 3.06  1 d
Restionaceae Empodisma minus  10.10 ± 6.88 4 m
Epacridaceae Monotoca empetrifolia 7.20 ± 4.98 5 d
Cyperaceae Carex gaudichaudiana    4.11 ± 1.86  4 m
Campanulaceae Isotoma fluviatilis   3.55 ± 1.13  1 d
Hypericaceae Hypericum japonicum    3.13 ± 0.56  2 d
Asteraceae Euchiton argentifolius   2.15 ± 0.81  1 d
Oxalidaceae Oxalis magellanica   2.21 ± 0.61  1 d
Cyperaceae Oreobolus distichus   1.45 ± 0.94  4 m
Asteraceae Brachyscome nivalis   1.30 ± 0.73  1 d
Campanulaceae Pratia surrepens   1.68 ± 0.35  1 d
Apiaceae Hydrocotyle muscosa   1.50 ± 0.44  1 d
Epacridaceae Epacris gunnii 1.50 ± 0.77 5 d
Restionaceae Restio australis   0.86 ± 0.33 1.40 ± 0.77 4 m
Asteraceae Ozothamnus hookeri   0.80 ± 0.22 1.35 ± 0.81 5 d
Epacridaceae Epacris serpyllifolia   1.24 ± 0.66  5 d
Rubiaceae Coprosma perpusilla   1.10 ± 0.47  5 d
Haloragaceae Myriophyllum pedunculatum   1.03 ± 0.46  1 d
Gentianaceae Chionogentias eichleri   1.10 ± 0.35  2 d
Bryophyta Moss 0.50 ± 0.33 
Haloragaceae Gonocarpus micranthus   0.36 ± 0.13  1 d
Juncaceae Luzula sp. 0.30 ± 0.30 4 m
Rubiaceae Asperula gunnii 0.25 ± 0.12 2 d
Epacridaceae Richea acerosa 0.15 ± 0.15 5 d
Epacridaceae Epacris gunnii   0.10 ± 0.08  5 d
Poaceae Agrostis sp. 0.10 ± 0.10 3 m
Proteaceae Bellendena montana   0.05 ± 0.04  5 d
Bare  21.75 ± 2.49 47.05 ± 7.84 
Litter  2.70 ± 2.27 
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3.9 Invertebrates 
3.9.1 Bangor lawn and bush invertebrate species  
At Bangor, a total of 102 taxa of herbivores were found in the five months of pitfall 
trapping (January – May 2006). Of these, 68 taxa (n = 3688 individuals) were found 
on the lawn and 64 taxa (n = 842 individuals) were found in the bush traps (Appendix 
3). There was a higher abundance of invertebrate herbivores on the lawn ground layer 
than the adjoining bush understorey plots. Lawn invertebrates showed a greater 
temporal fluctuation in abundance compared to those in the bush (Figure 3.5). The 
higher abundance in April and May was largely due to an increase of Bobilla cricket 
(Gryllidae) activity on the lawn.  
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Figure 3.5. Mean (± SE) invertebrate herbivore abundance in 20 pitfall traps on Bangor 
grazing lawn compared to 20 pitfall bush traps between January and May 2006. Mean 
no. = mean number of individuals per pitfall trap per plot. 
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Bangor lawn and bush plots had distinctly different assemblages of invertebrate 
species (Figure 3.6). Less than one third of the species (30 out of 102) were common 
to both lawn and bush plots (Appendix 3).  
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Figure 3.6. Classification of the lawn and bush trap sites on the basis of insect 
community using ordination (nMDS). Bangor months sampled were January – May 
2006. Stress in 3D is 16.89%, Cutoff R2 = 0.200, vectors with an R2 value < 0.200 are the 
ones shown. ORT = Orthoptera, COL = Coleoptera, HEM = Hemiptera, ORTGryBo = 
Bobilla (Gryllidae), COLChrE = Chrysomelidae Eumolpinae, ORTGryTe = 
Teleogryllus (Gryllidae), COLCurDb = Desiantha bifid (Curculidonidae), COLCurDA = 
Desiantha setose (Curculionidae), HemRedR = Reduviidae, COLElaA = Agrypnus 
variegatus (Elateridae) COLCarPr = Promecoderus (Carabidae). 
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Twenty-three significant indicator taxa were identified for the Bangor lawn site, 
comprising four orders and 15 families. Of the nine significant taxa faithful to the 
lawn the weevil Desiantha (Curculionidae) had the highest abundance. Of the 30 taxa 
shared by both the lawn and bush plots fourteen were significant indicators for the 
lawn. Of these the cricket Bobilla was the most abundant with a mean of 24.95 per 
trap (covering five months of trapping) compared to the second most abundant, the 
Eumolpinae leaf beetle of the family Chrysomelidae, which had a mean of 1.6 per 
trap (Table 3.3). 
In the bush traps, that shared the 30 taxa in common with the lawn, there were two 
significant indicator species for the bush from the Coleoptera order: Promecoderus 
(Carabidae) and Desiantha small (Curculionidae) (Table 3.3).  
Thirty-four taxa were found exclusively in bush traps (Appendix 3): of these, three 
were significant indicators for the bush: the beetles Staphylinidae-Aleocharinae, 
Staphylinidae-Aleocharinae small, and the click beetle Agrypnus variegatus (Table 
3). 
The significant indicator species changed monthly (Appendix 4). For example, by 
following the changes in Orthoptera (crickets and grasshoppers): 
January – the grasshopper Austroicetes was a significant indicator taxon on the 
lawn, in February this taxon was replaced by Tetrigidae, while in March no 
Orthoptera were significant, nevertheless Urnisa rugosa (red legged sand 
grasshopper) was relatively abundant with a mean trap catch of 5.5 on the lawn while 
the only Orthoptera that appeared in the bush traps is the cricket Kinemania ambulans 
(mean 3.6). In April the numbers climb again with 3 taxa, Bobilla (mean 11.3) 
Phaulacridium vittatum (the wingless grasshopper - mean 7.1), and the black field 
cricket Teleogryllus commodus (mean 6.7). Finally in May – the grasshopper 
Schizobothrus flavovittatus becomes a significant indicator of the lawn (Appendix 4).  
When the Bangor bush traps were sorted by month, only in January and April were 
species identified that were significant indicators for the bush. These were all 
Coleoptera. In January two species of rove beetle Staphylinidae (that feed on 
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decaying vegetable matter) were significant as well as Agrypnus variegatus (a root-
feeder) and the only other significant indicator was in April, a carabid beetle 
Promecoderus (mean 8.5) (Appendix 4).  
Of the most abundant species found at Bangor listed in Table 3.3, there was a higher 
proportion of winged species (8) amongst the ‘lawn only’ taxa compared to wingless 
(3). Species found on both lawn and bush habitats had approximately equal numbers 
of winged (11) and wingless (7).  Of those found only in the bush more were winged 
(4) and just one wingless (Table 3.3). 
3.9.1.1 Bobilla  
On the lawn Bobilla was the most abundant species with 2,171 individuals collected 
in pitfall traps (59% of all the herbivore individuals). By comparison the bush traps 
had only 203 Bobilla for the five months of trapping (24% of all the herbivore 
individuals).  
Most Bobilla reached the adult stage in April and May with juveniles more frequently 
found in March (Table 3.4). The earliest instars (stages 1, 2, and 3) and the sex of the 
immatures is difficult to identify, so these were combined for Table 4. However, 
when the individual reaches instar 4 gender characteristics can be identified: the 
female having an ovipositor and smaller pointed wings that cover less than half the 
abdomen while the male, without an ovipositor, has larger rounded wings that cover 
at least half the abdomen.  A longer trapping period would be needed to determine if 
more than one cohort was able to develop over a year. 
In April and May there were twice as many female Bobilla as males in traps. This 
may be due to the presence of more females on the lawn, males dying off earlier or a 
feature of females’ trapability. The overall numbers of Bobilla also peaked at this 
time compared to the previous three months (Table 3.4). 
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Table 3.3. Bangor invertebrate lawn and bush species profile (from the four orders of interest) of most abundant to not so abundant found in 
pitfall traps. These species typify the most common and typical lawn species. Mean and SE (standard error) are the mean of 87 lawn pitfall 
traps 94 bush traps. P values in bold are significant indicators of lawn or bush species at P < 0.05. L = larva, A = adult. Blank spaces in mean 
± SE column indicate that that species was not found in that habitat. Blanks in the P column indicate that the number of species found were 
insufficient for significance testing. W/L identifies if species is winged (+) or wingless (–). 
BANGOR    W/L LAWN  BUSH  
ORDER FAMILY SPECIES/GENUS   Mean ± SE P Mean ± SE P 
    
COLEOPTERA Curculionidae Desiantha –    1.46 ± 0.40 0.001
 Staphylinidae Paederus +   0.70 ± 0.27 0.001
ORTHOPTERA Acrididae Schizobothrus   flavovittatus + 0.16 ± 0.13 0.004
HEMIPTERA Pentatomidae Pentatomidae + 0.15 ± 0.13 0.005
COLEOPTERA Hydrophilidae Cercyon + 0.14 ± 0.12 0.007
 Scarabaeidae Onthophagus posticus + 0.16 ± 0.13 0.009
 Carabidae Carabidae small – 0.09 ± 0.10 0.013
LEPIDOPTERA Noctuidae Agrotis L + 0.08 ± 0.09 0.013
COLEOPTERA Curculionidae Desiantha smooth – 0.08 ± 0.09 0.025
 Scarabaeidae Ataenius + 0.05 ± 0.07 0.059
 Carabidae Carabidae nr Demetrida + 0.05 ± 0.07 0.072
ORTHOPTERA Gryllidae Bobilla – 24.95 ± 1.64 0.001 2.16 ± 0.88
COLEOPTERA Chrysomelidae Eumolpinae +    1.60 ± 0.41 0.001 0.02 ± 0.05
ORTHOPTERA Gryllidae Teleogryllus commodus +    0.90 ± 0.31 0.001 0.01 ± 0.03
 Acrididae Phaulacridium vittatum ±   0.99 ± 0.33 0.001 0.20 ± 0.20
HEMIPTERA Reduviidae Reduviidae –   0.74 ± 0.28 0.001 0.02 ± 0.05
COLEOPTERA Elateridae Agrypnus variegatus +        1 ± 0.33 0.001 0.04 ± 0.07
 Curculionidae Desiantha bifid – 2.26 ± 0.49 0.001 0.05 ± 0.10
 Curculionidae Desiantha setose – 2.53 ± 0.52 0.001 0.04 ± 0.08
 Tenebrionidae Isopteron – 0.78 ± 0.29 0.003 0.28 ± 0.27
ORTHOPTERA Tetrigidae Tetrix + 0.64 ± 0.26 0.003 0.13 ± 0.11
 Acrididae Austroicetes + 0.39 ± 0.20 0.002 0.10 ± 0.11
COLEOPTERA Elateridae Conoderus small + 0.25 ± 0.16 0.015 0.10 ± 0.15
 Scarabaeidae Aphodius tasmaniae + 0.63 ± 0.26 0.021 0.04 ± 0.08
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BANGOR ctd     LAWN  BUSH  
ORDER FAMILY SPECIES/GENUS  W/L Mean ± SE P Mean ± SE P 
COLEOPTERA Carabidae Rhytisternus + 0.15 ± 0.13 0.024 0.05 ± 0.11
COLEOPTERA Anthicidae Anthicus +  0.10 ± 0.11 0.057 0.02 ± 0.05
 Carabidae Promecoderus – 0.08 ± 0.09 1.90 ± 0.98 0.001
COLEOPTERA Curculionidae Desiantha small + 0.02 ± 0.05 0.21 ± 0.23 0.003
COLEOPTERA Pselaphidae Pselaphidae + 0.05 ± 0.07 0.10 ± 0.16 0.531
COLEOPTERA Staphylinidae Staphylinidae-Aleocharinae small +  0.66 ± 0.61 0.001
 Staphylinidae  Staphylinidae-Aleocharinae +  1.07 ± 0.96 0.001
 Elateridae Agrypnus variegatus +  0.62 ± 0.93 0.006
 Curculionidae Amycterinae –  0.10 ± 0.14 0.051
 Nitidulidae Thalycrodes +  0.10 ± 0.18 0.065
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Table 3.4. Bangor lawn mean (± SE) Bobilla (Gryllidae) counts per lawn trap from 
January to May 2006 (section A), and sorted by adults, instar groups and gender for 
March – May 2006 (section B) in a subset of randomly chosen pitfall traps (No. traps = 
number of traps sampled). 
 
A. All traps Bangor lawn   
Month Description No. 
traps 
Mean SE  
     
January  All ♀and ♂Bobilla 13 16.15 2.99 
February   18 19.78 2.39 
March   19 18.61 3.11 
April   19 33.74 3.39 
May   18 34.94 3.19 
    
B. Subset of traps showing stages and gender  
     
March  Adult ♀  7   7.00 2.00 
 Adult ♂    7.00 2.21 
 Instar 4 ♀    3.29 1.23 
 Instar 4 ♂    4.14 1.45 
 Instars 1-3    4.57 1.34 
     
April  Adult ♀  6  40.00 14.9 
 Adult ♂   20.67 7.92 
 Instar 4 ♀     2.50 1.73 
 Instar 4 ♂     1.83 0.91 
 Instars 1-3     0.83 0.48 
     
May  Adult ♀  11   40.91 9.20 
 Adult ♂    17.45 2.52 
 Instar 4 ♀      1.64 1.16 
 Instar 4 ♂      1.27 1.18 
 Instars 1-3      3.00 2.05 
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3.9.2 Comparing invertebrate and vertebrate activity at Bangor  
At the Bangor site, lawn invertebrate activity peaked in April and May at a time when 
vertebrate activity (represented here by wallaby scat counts – the main vertebrate 
grazer of the lawns), was low (Figure 3.7). Bush invertebrate activity was low in all 
months compared to vertebrate activity, but was at its highest in January when 
wallaby activity was at its lowest (Figure 3.8). 
3.9.3 Corbie grubs 
Corbie grub adults (Oncopera intricata) were recorded in the lawn pitfall traps in 
March (Appendix 4). The corbie grubs (juvenile stage) live in tunnels in the soil and 
feed at below and ground level on roots and stems of the lawn grasses. While no 
severe disturbance was recorded at the Bangor site, other grazing lawns around the 
state such as that recorded at the Bay of Fires, northeast Tasmania, in April 2008 
were observed to have been disturbed by the grubs, following a prolonged dry period 
(Figure 3.9).  
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Figure 3.7. Mean monthly wallaby scat counts, and mean monthly invertebrate pitfall 
trap counts (individuals per trap), from the 20 5 × 5 m plots on Bangor lawn. 
 
0
5
10
15
20
25
30
35
40
45
50
Jan-06 Feb-06 Mar-06 Apr-06 May-06
Month and Year
B
an
go
r b
us
h,
 m
ea
n 
co
un
ts
 p
er
 p
lo
t
Wallaby bush
Invertebrates bush
 
Figure 3.8. Mean monthly wallaby scat counts, and mean monthly invertebrate pitfall 
trap counts (individuals per trap) from the 20 5 × 5 m plots Bangor bush plots. 
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Figure 3.9. Corbie grub (Oncopera intricata) damage on a marsupial lawn, Broad 
Creek, Bay of Fires. 
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3.9.4 Central Plateau lawn and bush invertebrate species 
There was a higher abundance of invertebrate herbivores on ground layer plants on 
the lawn compared to bush plots for two (March and April), of the three months, for 
which comparisons could be made between lawn and bush, however there was a 
noticeable plunge in the number of lawn invertebrates per pitfall trap in May (Figure 
3.10).  
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Figure 3.10. Mean (± SE) invertebrate herbivore abundance in 20 pitfall traps on 
Central Plateau lawn compared to 20 pitfall bush traps. Mean no. = mean number of 
individuals per trap per plot.  
Fifty-eight taxa of herbivores in the four orders were only found in the three months 
of pitfall trapping between March and May 2006 (Appendix 5). Of these, 18 taxa (n = 
1004) were only found in the lawn traps, 22 (n = 346) only in the bush traps and 17 
species were shared between both habitats. The numbers of winged and wingless taxa 
were approximately evenly represented in the ‘lawn only’ species, in the species 
shared between both habitats and species found only in the bush (Table 3.5).  
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Central Plateau lawn and bush habitats had distinctly different assemblages (Figure 
3.11). Less than one third of the species were common to both lawn and bush 
habitats. 
When all months of sampling were combined, the Carabid beetles (Carabidae) were 
among the most significant indicator taxa on the lawn at the Central Plateau site. For 
the bush traps it was the weevil Poropterus (Curculionidae) that was a significant 
indicator species (Table 3.5).  
When the months were considered separately, Carabid beetles continued to be 
significant indicator species in all three months on the lawn. However, the weevil 
Desiantha (Curculionidae) was the most abundant species in March on the lawn 
(mean 12.5 per trap) (Appendix 6). In the bush plots the weevil Poropterus was a 
significant indicator species for April but was replaced in May by Sloaneana 
tasmaniae (Carabidae) as the most abundant (mean 8.2 per trap) and significant 
(Appendix 6). 
Bobilla crickets were also present but not in the high numbers found at Bangor. The 
total Bobilla count for the three months of trapping on the lawn was 159 individuals. 
A monthly breakdown showed considerable variation between the months for Bobilla 
in 2006: 98 in March (19 traps), 4 in April (20 traps) and 57 in May (19 traps). Bush 
counts also showed variability with 89 trapped: 33 in March (18 traps), 46 in April 
(19 traps) and 10 in May (20 traps). 
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Figure 3.11. Ordination (nMDS) plot comparing invertebrate herbivores from all lawn 
and bush pitfall traps in all months sampled (March – May 2006) at Lake Augusta, 
Central Plateau site.  Stress in 3D is 15.5%, Cutoff R2 = 0.200, vectors with an R2 value 
< 0.200 are the ones shown. COL = Coleoptera, ColCarM = Mecyclothorax (Carabidae), 
COLCurD = Desiantha (Curculionidae), COLCarRh = Rhytisternus (Carabidae), 
COLCarRb = Rhytisternus large broad (Carabidae), COLCarSc = Scopodes 
(Carabidae). 
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Table 3.5. Central Plateau invertebrate lawn and bush species profile of most abundant to not so abundant found in pitfall traps. These species 
typify the most common and typical lawn species (of the 4 orders of interest). Mean and SE (standard error) are the mean of 58 lawn and 57 
bush traps. P values in bold are significant indicators of lawn or bush species at P < 0.05. L = larva. Blank spaces in mean ± SE column indicate 
that that species was not found in that habitat. Blanks in the P column indicate that the number of species found were insufficient for 
significance testing. W/L identifies if species is winged (+) or wingless (–). 
    LAWN  BUSH  
Order Family Species/Genus W/L Mean ± SE P Mean ± SE P 
COLEOPTERA Carabidae Rhytisternus large broad + 0.31 ± 0.32 0.002   
 Curculionidae Desiantha small – 0.14 ± 0.16 0.029   
 Carabidae Rhytisternus small + 0.09 ± 0.10 0.052   
 Carabidae Carabidae L – 0.17 ± 0.24 0.060   
 Carabidae Sloaneana – 0.05 ± 0.08 0.237   
 Carabidae Carabidae medium Rhytisternus + 0.10 ± 0.20 0.483   
ORTHOPTERA Pyrogomorphidae Monistria – 0.03 ± 0.07 0.492   
LEPIDOPTERA Noctuidae Agrotis L + 0.03 ± 0.07 0.495   
COLEOPTERA Chrysomelidae Eumolpinae + 0.03 ± 0.07 0.495   
 Curculionidae Desiantha – 0.83 ± 0.50 0.001 0.05 ± 0.11  
 Carabidae Scopodes – 0.69 ± 0.65 0.001 0.05 ± 0.11  
 Carabidae Carabidae medium + 6.50 ± 3.20 0.002 1.23 ± 0.99  
 Carabidae Rhytisternus + 2.16 ± 1.52 0.003 0.12 ± 0.14  
 Staphylinidae Paederus – 0.59 ± 0.58 0.011 0.07 ± 0.15  
 Staphylinidae  Staphylinidae Aleocharinae + 0.28 ± 0.33 0.109 0.12 ± 0.30  
HEMIPTERA Lygaeidae Nysius vinitor + 0.12 ± 0.14 0.115 0.09 ± 0.05  
ORTHOPTERA Gryllidae Bobilla – 2.74 ± 1.61 0.255 1.58 ± 1.08  
COLEOPTERA Curculionidae Poropterus – 0.02 ± 0.05  0.63 ± 0.62 0.001 
 Carabidae Homethes + 0.02 ±0.050  0.23 ± 0.33 0.072 
 Scarabaeidae Heteronyx + 0.03 ± 0.07  0.12 ± 0.14 0.111 
ORTHOPTERA Tetrigidae Tetrix + 0.03 ± 0.07  0.12 ± 0.13 0.199 
COLEOPTERA Elateridae Agrypnus varigatus + 0.02 ± 0.05  0.05 ± 0.08 0.320 
 Scarabaeidae  Sloaneana tasmaniae –   0.21 ± 0.21 0.003 
 Carabidae Carabidae small –   0.12 ± 0.17 0.023 
COLEOPTERA Carabidae Amblytelus +   0.11 ± 0.15 0.044 
LEPIDOPTERA Noctuidae Persectania L +   0.09 ± 0.13 0.044 
COLEOPTERA Carabidae Mecyclothorax +   0.05 ± 0.11 0.190 
HEMIPTERA Lygaeidae Lygaeidae +   0.09 ± 0.20 0.207 
 Reduviidae Reduviidae slender –   0.05 ± 0.11 0.210 
LEPIDOPTERA Pyralidae  Pyralidae L +   0.04 ± 0.07 0.212 
ORTHOPTERA Gryllacrididae Kinemania ambulans –   0.04 ± 0.07 0.214 
COLEOPTERA Scarabaeidae Phyllotocus nigripennis +   0.04 ± 0.07 0.219 
 Carabidae Promecoderus –   0.04 ± 0.07 0.228 
ORTHOPTERA Acrididae Tasmaniacris –   0.04 ± 0.07 0.232 
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3.9.5 Level of invertebrate and vertebrate activity 
Vertebrate grazing (represented here by wallaby scat counts) and invertebrate grazing 
appeared to have a different peak activity times on the lawn (Figure 3.12). Wallaby 
scats were highest in March and May and lowest in April. Conversely, invertebrate 
activity was highest in April and lowest in May. 
Invertebrate activity in bush plots was very low in all months compared to vertebrate 
activity, with a very slight rise in April which coincided with a slight increase in 
vertebrate activity also (Figure 3.13). 
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Figure 3.12. Mean monthly wallaby scat counts, and mean monthly invertebrate pitfall 
trap counts (individuals per trap), from the 20 5 × 5 m lawn plots, Central Plateau. 
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Figure 3.13. Mean monthly wallaby scat counts, and mean monthly invertebrate pitfall 
trap counts (individuals per trap), from the 20 5 × 5 m bush plots, Central Plateau. 
 
3.10  Invertebrate sticky taps 
3.10.1 Bangor sticky traps 
Two months sampling of sticky traps (April and May 2006) at Bangor collected 2195 
individuals on the lawn (40 sticky traps), representing at least 55 taxa from 11 orders, 
and 1024 individuals from the bush (20 sticky traps) representing at least 39 taxa 
from 11 orders (Appendix 7). Twenty-seven taxa were common to both lawn and 
bush and 20 were found only in lawn traps and 11 found only in the bush (Appendix 
7). While numbers of some of taxa were small, and a greater trapping effort may 
reveal their presence in both habitats the number of taxa specific to either lawn or 
bush suggests that habitat is important to these species (Figure 3.14). Six taxa were 
significantly more abundant on bush sticky traps and four taxa significantly more 
abundant on lawn traps. 
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Small flies from 18 families of Phoridae (Diptera), were the most abundant on lawn 
but also plentiful in the bush (Table 3.6). Phoridae fly larvae feed in moist organic 
rich detritus, including litter and dead roots. Micro wasps (Hymenoptera) had the next 
highest density and were equally abundant on lawn and bush. These are mostly 
parasites on small insects, including eggs, larvae and pupae; a few are gall formers on 
plant tissue (Table 3.6). 
Leaf hoppers of the family Cicadellidae (Hemiptera) were significantly more 
abundant in bush plots (Table 3.6). Cicadellids are sapsuckers and a wide variety of 
plants support them including sedges, grasses and especially shrubs. 
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Figure 3.14. Ordination (nMDS) plot comparing invertebrate herbivores from all lawn 
and bush sticky traps in the months sampled (April and May 2006) at Bangor site.  
Stress in 3D is 18.74 Cutoff R2 = 0.200, vectors with an R2 value < 0.200 are the ones 
shown. COL = Coleoptera, DIP = Diptera, LEP =Lepidoptera, DIPMyc = 
Mycetophilidae, DIPChi = Chironomidae, DIPMus = Muscidae, DIPDol = 
Dolichopodidae, COLPse = Pselaphidae, LEPCra = Crambidae. 
Other Diptera well represented in the sticky traps were members from the sub-order 
Nematocera that are largely saprophagous (feed on fungus and decaying matter) and 
coprophagus (ingestion of faecal pellets). In this sub-order are Sciaridae and 
Mycetophilidae with the latter significantly more abundant on bush traps. These 
Diptera are “fungus gnats” and have larvae associated with moist fungus-rich 
environments including fungal fruiting bodies. Other Nematocera are Cecidomyidae 
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“gall midges” whose larvae are internal feeders in plant galls, usually on woody 
plants, but they can also affect seed production. Cecidomyidae were significantly 
more abundant in bush plots (Table 3.6). These gall midges are very small flies which 
“drift” on air currents. Chironomidae (non-biting midges) were abundant on the lawn, 
and have larvae that are aquatic filter feeders or algal feeders in a wide range of 
situations, and Dolichopodidae are small predatory flies that hawk other small flying 
insects. 
Table 3.6. Bangor invertebrate lawn and bush species profile of the most abundant and 
significant taxa (using one-way Anova) for lawn and bush habitat collected from sticky 
traps (April and May 2006). Mean and SE (standard error) are the mean number of 
individuals from 40 lawn and 20 bush sticky traps. P values in bold are significant 
indicators of lawn or bush species at P < 0.05. Blank spaces indicate that that species 
was not found in that habitat. 
Bangor Lawn  LAWN BUSH  
Order Family Mean ± SE Mean ± SE P 
DIPTERA Phoridae 15.25 ± 4.92 10.10 ± 1.70 0.143
HYMENOPTERA Micro wasps 9.78 ± 1.50 8.90 ± 2.33 0.567
DIPTERA Sciaridae 8.18 ± 1.63 7.80 ± 2.60 0.824
 Chironomidae 4.40 ± 1.93 2.15 ± 0.99 0.116
HEMIPTERA Cicadellidae 3.18 ± 0.99 6.00 ± 2.40 0.039
DIPTERA Cecidomyidae 1.70 ± 0.66 4.30 ± 1.96 0.015
 Mycetophilidae 0.18 ± 0.13 3.45 ± 1.15 0.001
 Dolichopodidae 1.85 ± 1.05 2.20 ± 0.83 0.672
 Muscidae 1.53 ± 0.53 0.50 ± 0.23 0.009
COLEOPTERA Pselaphidae 0.93 ± 0.33 0.30 ± 0.22 0.014
THYSANOPTERA Yellow 0.65 ± 0.35  0.009
LEPIDOPTERA Crambridae 0.53 ± 0.35  0.032
HYMENOPTERA Braconidae 0.38 ± 0.22  0.80 ± 0.31 0.049
COLEOPTERA Scarabaeidae Ataenius 0.10 ± 0.16  0.30 ± 0.21 0.014
HYMENOPTERA Evaniidae 0.25 ± 0.15 0.001
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3.10.2 Central Plateau sticky traps 
Trapping over three months (March - May 2006) at the Central Plateau yielded 6448 
individuals on the lawn (60 sticky traps) comprising at least 56 taxa from 10 orders 
and 2927 individuals from the bush (30 traps) comprising at least 43 taxa from 10 
orders (Appendix 8). Thirty-eight taxa were common to both lawn and bush and 18 
were found only in lawn sticky traps while 5 were found only in bush sticky traps 
(Appendix 8). Four taxa were significantly more abundant on bush than lawn traps 
and four showed the opposite relationship (Table 3.7). 
 Phoridae (Diptera) was the most abundant taxon found with significantly more found 
on bush sticky traps (Table 3.7). Psyllidae (Hemiptera) the next highest in density 
was significantly higher on the lawn. Psyllidae are largely woody shrub sapsuckers 
but the winged adults are readily distributed by wind.  
Microwasps (Hymenoptera) were abundant in both lawn and bush habitats while 
Chloropidae (small flies) were found in moderate densities on both lawn and bush 
Central Plateau traps (Table 3.7). The larvae of Chloropidae bore into plants, 
especially grasses, and are also known as shoot-miners;  at high densities they could 
impact on  the lawn sward (Curry 1994).  
Muscidae was significantly more abundant on the lawn at Central Plateau and at 
Bangor. Muscidae includes the bushfly and its relatives; their larvae are maggots 
typically associated with bacteria-rich environments. 
The ordination graph shows that there appears to be some distinction between the two 
invertebrate habitats, with at least 8 taxa that are significantly more abundant in one 
or other of the habitats (Table 3.7 and Figure 3.15).  
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Table 3.7. Central Plateau invertebrate lawn and bush species profile of the most 
abundant and significant taxa (using one-way Anova) for lawn and bush habitat 
collected from sticky traps (March-May 2006). Mean and SE (standard error) are the 
mean number of individuals from 60 lawn and 30 bush sticky traps. P values in bold are 
significant indicators of lawn or bush species at P < 0.05. Blank spaces indicate that that 
species was not found in that habitat. 
Central Plateau  LAWN CP BUSH  
Order Family Mean ± SE Mean ± SE P 
DIPTERA Phoridae 26.91 ± 8.40 62.04 ± 25.72 0.004
HEMIPTERA Psyllidae 43.31 ± 21.79 7.50 ± 5.77 0.009
DIPTERA Chironomidae 9.50 ± 3.13 8.15 ± 3.48 0.576
HYMENOPTERA micro wasp 5.62 ± 1.85 4.15 ± 1.50 0.252
DIPTERA Mycetophilidae 4.60 ± 2.37 3.80 ± 1.91 0.638
 Muscidae 3.81 ± 1.66 0.23 ± 0.30 0.001
 Chloropidae 3.28 ± 1.77 4.77 ± 3.03 0.373
 Sciaridae 2.66 ± 1.36 11.15 ± 5.67 0.001
 Dolichopodidae 2.67 ± 2.78 0.35 ± 0.27 0.176
HEMIPTERA Cicadellidae 2.55 ± 1.59 2.88 ± 1.49 0.773
COLEOPTERA Aleocharinae 0.95 ± 0.47 0.04 ± 0.06 0.002
HEMIPTERA Nysius 0.59 ± 0.32 0.04 ± 0.06 0.007
COLLEMBOLOA Entomobryidae 0.02 ± 0.04 0.35 ± 0.38 0.046
LEPIDOPTERA Oecophoridae 0.02 ± 0.04 0.17 ± 0.15 0.013
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Figure 3.15. Ordination (nMDS) plot comparing invertebrate herbivores from all lawn 
and bush sticky traps in the three months sampled (March - May 2006) at the Central 
Plateau site. Stress in 3D is 18.81. Cutoff R2 = 0.200, vectors with an R2 value < 0.200  
are the ones shown. COL = Coleoptera, DIP = Diptera, HEM = Hemiptera, HYM = 
Hymenoptera, COLAle = Aleocharinae, DipMus = Muscidae, HemPsy = Psyllidae, 
HymMic = Microwasp, DipPho = Phoridae, DipChi = Chironomidae, HEMCic = 
Cicadellidae. 
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3.11  Discussion 
This chapter set out to determine whether grazing lawns had a biota that was distinct 
from the adjoining bush and to explore whether herbivorous invertebrates are likely 
to have a role in maintaining the lawn structure. 
3.12  Plant taxa 
Although lawn and bush plots were strikingly different in structure, both lawn and 
bush plots shared many herbaceous species in common. The main distinction between 
the two habitats (lawn and bush) was the cover of the herbaceous species, with lawns 
showing a very high mean percent cover while in the bush mean percent cover of any 
species was low. Dicotyledons were dominant at both sites. Bush plots had a very 
high level of bare ground and litter. 
3.13 Invertebrate taxa 
Lawns appear to provide distinctive habitat for invertebrates, with one third of the 
taxa found in lawn pitfall traps not found in the adjacent vegetation (Table 3.3 and 
Table 3.5). While there was more overlap of lawn and bush taxa for taxa captured in 
sticky traps, as may be expected for winged species, there was nevertheless a 
difference in taxa composition (Table 3.6 and Table 3.7). Winged taxa, quickly able 
to recolonise after a disturbance such as inundation of the lawn, were expected to 
dominate the ‘lawn only’ taxa found in pitfall traps. This was true of the significant 
indicator species found for the lawn at Bangor, where there were twice as many 
winged compared to wingless taxa (Table 3.3) but at Central Plateau winged and 
wingless taxa were evenly matched in both habitats (Table 3.5).  
Bobilla (Gryllidae)  
The results of the investigation of the Bobilla instars indicate that the Bobilla eggs 
must survive inundation and that high moisture levels may provide favourable 
conditions for this species’ life cycle. The high density of Bobilla on the Bangor 
lawns (59% of all herbivores) suggests that they may be contributing to biomass 
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removal in a small way. No attempt was made to measure this in the present study, 
where the focus was on identifying biotic differences. Little research attention has 
been given to the role of crickets in grassland ecosystems, the closest comparison to 
lawns that is available. Crickets are generally thought to be mainly detritivores but 
some species can be serious crop pests sporadically (Hill 1987). Gryllidae which is 
found in southern Europe, Africa, southern Asia, the USA, South America and 
Australia  can defoliate grasses and destroy roots and seedlings (Curry 1994).  
The best source of estimating what effect crickets may be having on lawns is from 
grasshopper studies, such as the one in Serengeti savannah short grassland by Sinclair 
(1975). In this study it was estimated that grasshoppers annually remove around 4.1% 
of net primary production: the corresponding figure for ungulates was 34%. The 
impact of grasshoppers during the wet season, when conditions were favourable for 
rapid population increase was considered at least equal to that of the resident ungulate 
populations (Sinclair 1975). 
Grasshopper consumption in alpine tussocklands in New Zealand was studied by 
White (1974; 1978). He concluded that their overall consumption was no more than 
1-2% of annual primary production on average, but under extreme grazing pressure 
this could be up to 18%. In addition, much of their feeding was selective on ground-
cover species of low biomass, and consumption over several years could account for 
up to 11% loss of total ground cover, with serious consequences for the stability of 
this fragile ecosystem. By comparison, a range grasslands study in USA by Nerney 
(1958) found grasshopper populations of 14-18 (m-2) late-instar nymphs or adults 
caused 20-70% yield reductions, with highest levels of damage associated with sparse 
vegetation and areas heavily grazed by vertebrates.  
Studies that consider grasshopper size may give an indication of the likely impact that 
Bobilla may have on lawn biomass removal. In a Montana prairie study it was 
estimated that forage loss for rangeland grasshopper species grouped according to 
adult dry weight for a 46 day period (both 4th and 5th instars last 7 days each and 
adults live 32 days) was the following: small grasshoppers consumed 25.8 mg, 
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medium 48.8 mg and large 108 mg (dry weight) per day (Hewitt and Onsager 1982). 
Bobilla in terms of body weight is the equivalent of a small grasshopper.  
While most studies have stressed the negative affects of grasshopper feeding on plant 
growth, a few have pointed to some positive effects such as grasshopper feeding 
stimulating more intense grass growth, during the phase of maximum growth in early 
summer. This is possibly due to the injection of growth promoting substances into the 
plant during chewing (Andrzejewska and Wojcik 1970; Dyer and Bokhari 1976).  
Corbie grubs (Oncopera intricata) have generally been recorded as an agricultural 
pest in Tasmania, however an early study of this native herbivore by Alexander 
(1931) identified that a dense sward comprising plants that propagate vegetatively 
e.g. through stolons, such as those found on marsupial lawns, are more easily able to 
recover from corbie grub damage, and that swards were particularly prone to damage 
in dry years. On lawns grazed by native animals these disturbances may provide 
regeneration niches for non-stoloniferous herbs such as Asteraceae, but these bare 
patches can also allow woody species to establish if grazing is reduced.  
Invertebrate sticky traps 
Diptera (from 18 families) were the most abundant taxa caught in the sticky traps at 
both alpine and lowland sites. The main role of grassland Diptera (true flies) is in the 
decomposition of organic matter, and moist organic residues of all kinds support high 
densities of a range of species. Coprophagic species of Diptera accelerate dung 
decomposition, their role in tunnelling through and ingesting fresh dung being 
particularly important in facilitating microbial activity (Wall et al. 2008). The high 
density of Diptera adults caught in the sticky traps indicates that larvae would be 
present in the soil and sward in large numbers at both Bangor and Central Plateau 
sites. Studies estimate the density of Diptera larvae to range from a few hundred per 
metre square, to almost 10,000 m-2. Of these, it is estimated that a high number would 
be shoot mining larvae found feeding on the sward surface, while 100-300 adults, per 
metre square, are commonly encountered in the herbage (Beaulieu and Wheeler 
2005).  
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Chloropidae were found in high numbers at Central Plateau and the larvae of these 
are shoot miners and flower predators (florivores), that could, if numbers reached 
sufficient density, impact on the lawn sward (Kelly et al. 1992; McKone et al. 2001).  
Gall midges (Cecidomydae) were found at both sites in high abundance. While 
mostly associated with woody species they are also found in pasture where they can 
affect seed production and in the agricultural setting are known to cause economic 
loss (Clements et al. 1983).  
While studies of crickets and grasshoppers attempt to quantify the amount of dry 
weight consumed, analysis of Diptera impacts largely focus on the loss of 
reproductive organs (Kelly et al. 2008) or affects on plant health but do not attempt to 
quantify biomass loss as is the case with grasshopper studies. However, a few studies 
have shown that Diptera larvae contribute to soil respiratory activity in grasslands 
(Persson and Lohm 1977).  
Below ground herbivores 
Not covered in this study is the below ground herbivores. Plant feeding nematodes, it 
has been postulated, can consume more vegetation than cattle (Lauenroth and 
Milchanus 1991), ten times more than arthropods (Ingham and Detling 1984) and can 
reduce net primary productivity by 16 times more than is actually consumed (Ingham 
and Detling 1990) and can alter grassland C and N dynamics, at least in the short 
term, by influencing root exudation rates (Bardgett et al. 1999; Tu et al. 2003).  
Finally, herbivore invertebrate numbers were more abundant on the lawns than bush 
in all seasons at Bangor and when the lawns were exposed at Central Plateau site. 
Invertebrate activity was at their highest when wallaby activity was at their lowest on 
the lawns at Bangor and Central Plateau, in late summer and early autumn. This is a 
time when plants have probably finished the main growth for the season and day 
length is diminishing. Replacing lost tissue may be harder for the plants at this time. 
Although consumption by invertebrates was not measured in this study, the 
invertebrate grazing pressure on the lawn in all months, particularly at a time when 
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wallaby grazing was low would contribute to year round maintenance of the lawn 
structure.  
3.14  Conclusion 
The rich plant and invertebrate biota examined in this study represent only a subset of 
the total biotas of the two study sites and an even smaller subset of invertebrates that 
are associated with grazing lawns. There are no known studies of lawn invertebrate 
communities available with which to compare the findings of this study; grassland 
studies provide the best approximation. The strikingly different vegetation structure 
of lawn and bush is reflected in the significantly distinct invertebrate taxa found on 
the lawn compared to that found in the bush. Significant indicator species for lawn 
and bush changed with seasons, and the taxa found represent a rich variety of 
functional groups that consume plant material through a variety of processes such as 
chewing, sucking sap and feeding on roots and detritus. Future invertebrate studies 
that measured consumption and looked at additional orders of invertebrates would 
clarify more precisely the contribution that particular invertebrate herbivores have in 
maintaining a lawn sward. 
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4  Decadal scale woody plant invasions of 
marsupial lawns in Tasmania 
4.1 Introduction 
Tasmanian rainfall patterns appear to be changing, particularly in eastern Tasmania 
where, since the late 1970s, there have been few years in which the precipitation has 
exceeded the long-term medians (Kirkpatrick et al. 1999). Seasonal patterns of 
rainfall in some parts of eastern Tasmania also appear to be changing from being 
evenly distributed throughout the year to a pronounced dry period in late summer-
autumn (Kirkpatrick et al. 1999). In addition the average warm season temperatures 
(November – April) have increased by 1o since 1965 (Cook et al. 1991). 
Stage one of this research (Chapters 2 and 3) confirmed that ‘marsupial’ or ‘grazing 
lawns’ are maintained by grazing pressure. Grazing lawns were found to have a 
significantly higher level of soil moisture than adjoining bush areas. Lawn plant 
species were those typically associated with moister conditions and many of them 
were also common in wetlands and could tolerate inundation. While topography and 
substrate play a role in determining variations in soil moisture, they were not found to 
be direct determinants of lawn distribution.  
As adequate moisture levels appear essential for the maintenance of lawns, a 
reduction in moisture could reduce their cover. There would be little therefore to 
attract the grazers to the lawn to ‘mow’ down woody seedlings as they establish. 
Thus a reduction in grazing, due to drought, could allow woody species to invade the 
lawn. An alternative hypothesis would be that the lawns are being invaded by woody 
species because of a decrease in grazing animals. However, farmers report the 
opposite, i.e. that wallaby and wombat numbers remain high and that regular culls are 
still required to curb these populations on farmland adjoining bushland (Dunbabin, 
pers. comm. 2007). 
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The level of salinity in the lawns may also be a critical factor in keeping most woody 
species from invading lawns. If lawns are occasionally subjected to saltwater 
inundation this may be important in determining the outcome of woody species 
success in establishing. 
Disturbance of the sward surface can also affect the tendency of lawns to be invaded 
by exotic weeds and woody species (Crawley 1987). This can be through human 
activity, for example 4WD vehicles, invertebrate activity killing the grass sward such 
as a corbie grub (Oncopera intricata) infestation, stock overgrazing (Bennett 1994), 
withdrawal of stock (Costello et al. 2000) and changed fire regimes (Lunt 1998; 
Morgan 1998).  
Woody species encroachment of herb-rich areas is associated with increased ground 
litter, a reduction in the species richness of ground-layer vegetation, and shifts in 
community composition (Hobbs and Mooney 1986; Costello et al. 2000; Norris et al. 
2001; Price and Morgan 2008).  
4.2 Aims 
In addressing the third aim of the thesis “Is changing climate affecting the 
distribution of marsupial lawns?” this chapter seeks to determine if: 
1. Woody species invasion of freshwater or weakly brackish grazing-lawns has 
occurred in coastal areas of eastern and northern Tasmania following drying 
of the region since 1978; 
2. Grazing lawns associated with salt water are less likely to be affected than 
those associated with brackish and freshwater wetlands; 
3. Grazing lawns in the higher rainfall regions of the State have remained stable; 
4. Lawns have been affected by impacts other than those associated with 
environmental conditions. 
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4.3 Methods 
4.3.1 Study Sites and Study Design  
To address the question ‘is changing climate affecting the distribution of marsupial 
lawns’, topographic maps and recent aerial photographs (post 2004) were examined 
to identify where grazing lawn sites might be located for fieldwork. Seventeen 
conservation areas were identified and visited (Figure 4.1). Once on site the following 
were recorded: geomorphological characteristics; fresh, brackish or saltwater 
wetland; and signs of woody invasion (Table 4.1).  
Other tasks to address the four aims of this chapter included: 
Examining rainfall data to see if there have been changes since 1978 (Section 4.3.2).  
1. Harvesting invading woody species to determine their age using ring counts 
(Section 4.3.3 and 4.3.4).  
2. Comparing old and current aerial photographs to identify where woody 
invasion had occurred (Section 4.3.5).  
3. Field observation notes and photography to record marsupial lawns in high 
rainfall areas, areas inundated by seawater or affected by sea spray and the 
effects of land management practices.  
4. Salinity experiments to ascertain seawater tolerance of a common woody 
invader and lawn sward species to determine if this may be a factor in 
excluding woody species from lawns (Section 4.3.6).  
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Figure 4.1. Location of coastal sites (●), and highland sites (▲) visited for sampling 
marsupial lawns in Tasmania. ■ = main centres.  
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Table 4.1. Sites visited, from northwest to south. (C.A. = Conservation Area, N.P. = National Park) 
Reserve Geomorphological  characteristics of site 
Brackish, salt 
or fresh water 
Weather region and  
mean annual rainfall  
Woody 
invasion 
Aerial photo 
dates 
Arthur-Pieman C. A. 
 West Coast 
  Northern region    
Bluff Hill Dune blocked wetland Fresh  1062 mm  
(Marrawah 1971-2008) 
Juncus 
spp 
30/10/1984 
6/1/2006 
West Point Dune blocked wetland Fresh  " Yes 27/1/1986 6/1/2006 
Sundown Dune blocked wetland Fresh  " No 30/10/1984 6/1/2006 
Couta Rocks Coastal area Salt spray " No 30/10/1984 17/11/2005 
Richardson Point Coastal area Salt spray " No 14/1/1986 17/11/2005 
Narawntapu N.P. 
Site 1 and 2 
Dune blocked wetland Fresh  778 mm (Devonport airport 
1962-2008) Yes 
14/11/1984 
2/3/2005 
Waterhouse C.A. Dune blocked wetland Fresh 677.5 mm 
(Low Head 1883-2001) Yes 
18/10/1984 
11/12/2005 
Flinders Island 
 
Dune blocked wetland 
Deflation wetland 
Brackish 
Fresh 
Flinders Island 
741 mm (1890-2007) Yes 
6/2/1982 
15/11/2003 
Mt William N.P.  
Site 1 and 2 
Dune blocked wetland Fresh  East Coast Yes 18/10/1984 11/12/2005 
Broad Creek Lagoon, 
Purdon Bay 
Dune blocked coastal lagoon Salt 755 mm 
(Eddystone Pt 1908-2008) Yes 
15/3/2007 
14/3/1964 
Bay of Fires C.A.      
Garden lagoon Sand blocked tidal lagoon Salt  775 mm 
(St Helens 1957-2001) No 
15/3/2007 
30/1/1964 
Break Beach headlands Coastal salt spray zone Salt spray " No 15/3/2007 30/1/1964 
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Reserve Geomorphological  characteristics of Site 
Brackish, salt 
or fresh water 
Weather region and  
mean annual rainfall 
Woody 
invasion 
Aerial photo 
dates 
Freycinet Peninsula N.P   East Coast ctd.   
Friendly Beaches  Dune blocked wetland Brackish 594 mm 
(Swansea 1884 -2008) Yes 
29/1/1985 
2/3/2006 
Moulting Lagoon    Deflation wetland Fresh  " Yes 29/1/1985 15/3/2007 
Maria Island N.P. Downslope moisture 
and coastal area 
Fresh  
Salt spray 
664 mm 
(Orford 1951-2008) No 
3/3/1986 
2/2/2003 
Forestier Peninsula  
Top Lagoon 
Sand blocked tidal lagoon Brackish Southeast 
729 mm (1966-2007) Yes 
18/4/1975 
16/9/2006 
Lime Bay State Reserve, 
Tasman Peninsula.  
Site 1, 2, 3 
Dune blocked wetland Fresh (Site 1) 
Salt (Site 2 & 3) 
498 mm 
(Hobart airport 1958-2008)      Yes 
18/4/1975 
11/3/1985 
7/1/2006 
Bruny Island Nature 
Reserve 
Dune blocked wetland Fresh  621 mm 
 (Great Bay 1984-2008) Yes 
30/10/1987 
25/1/2005 
Southwest N.P.       
Sites 1 and 2 Coastal sand dunes Salt 1228.7 mm 
(Maatsuyker Is 1938-2008) No 
18/3/1961 
17/12/2002 
Site 3 Estuarine river Fresh to salt  " Yes  
Highland sites   Mixed regions (see reserve name)   
Ben Lomond N.P. 
(East Coast region) 
Deflation wetland Fresh  994 mm (Scotsdale Westmine Rd 
1971-2008) No 
21/10/1984 
10/3/2005 
Central Plateau  
(Central Plateau region) 
Deflation wetland Fresh  1042 mm 
(Liawenee 1984-2008) No 
26/8/2006 
4/3/1978 
Cradle-Mountain Lake St 
Clair N.P. 
(Central Plateau region) 
Wetland  Fresh 1871 mm 
(Lake St Clair N.P. 1989-2008) No 
3/2/1977 
4/1/2008 
Walls of Jerusalem N.P. 
(Central Plateau region) 
Downslope seepage and 
wetland 
Fresh 1871 mm 
(Lake St Clair N.P. 1989-2008) No 
5/12/2007 
6/3/1978 
Mt Field N.P. 
(Derwent Valley region) 
Downslope seepage and 
wetland 
Fresh 1178 mm  
(Maydena 1992-2008) No 
5/5/1972 
25/12/2006 
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4.3.2 Weather patterns 
Bureau of Meteorology (BOM) rainfall data, from weather stations near sites selected 
for field work were examined for changing rainfall patterns. In the Midlands of 
Tasmania, rainfall patterns began to change around 1978 (Kirkpatrick et al. 1999; 
Close and Davidson 2004). Other regions could have been similarly affected, so this 
date was chosen as a point to compare rainfall patterns in other regions prior to and 
post 1978. 
BOM has divided Tasmania into nine weather regions, including King Is and Flinders 
Is (Figure 4.2). For each of these regions rainfall data from all weather stations in the 
region is collated to give an average for the region. While this is a coarse measure of 
rainfall across a large area, it provides a basis for comparison of rainfall patterns 
between the regions of interest. The regions of interest in this study are: West Coast, 
Northern, Flinders Island, East Coast, Southeast, Derwent and Central Plateau (Figure 
4.2). To compare rainfall in regions for the 30 years prior to 1978 and 30 years post 
1978 the mean annual rainfall and standard error was calculated for the two periods 
and graphed using box and whisker plots (Minitab version 15).  
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Figure 4.2. Bureau of Meteorology (BOM) Tasmanian rainfall regions. 
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4.3.3 Assessing woody species invasions 
Woody species invasion was defined as having occurred if more than 500 woody 
plants, with a height greater than 30 cm and a diameter greater than one centimetre, 
were found to have established on a grazing lawn > 400 m2 in area. This is a density 
and height threshold above which seedlings appeared unlikely to be grazed back 
down to ground level. Fieldwork in Tasmania was conducted between March 2006 
and January 2007 and the visit to Flinders Island was in December 2008. 
At each site the area along the lawn-bush boundary with the highest density of woody 
invasion was identified. In this location the largest (and potentially the most mature) 
sapling was identified and this became the centre of the first (plot 1) of three 5 × 5 m 
plots located along a transect running from bush edge to the edge of the last cluster of 
woody species as described below (Figure 4.3). 
The three plots were located: 1 at bush edge, 1 at furthest edge of the last cluster of 
invasion and 1 midway between the two. At all sites three 5 × 5 m plots were sampled 
except Narawntapu (where one site had two plots and another had one, as seedling 
invasion although substantial in height and density did not extend more than 10 m 
onto the lawn).  
Within the 5 × 5 m plot the 10 seedlings or saplings with the largest diameter were 
identified, their height recorded and then cut at ground level. Where the specimen 
was multi-stemmed at ground level the largest stem was removed. If the largest 
woody specimens were not immediately obvious because of a high density of 
saplings of similar height and diameter a transect was laid down. The start of this was 
determined by a random number (using the second hand of the watch) along the bush 
edge of the plot. The first 5 saplings encountered were then selected and the 
procedure repeated on a second randomly located transect.  
At each site, sketches, notes and photographs were used to record lawn shape as 
concave or convex, slope and elevation from lawn centre to lawn edge, % herb cover, 
% bare patches, the pattern of invasion and the height and slope of surrounding 
vegetation.
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Within each 5 × 5 m plots the following were recorded: 
• the number of seedlings;  
• the height of all seedlings; 
• the number of saplings ≥ 1 m in height; 
• the presence or absence of seed capsules on shrubs; 
• evidence of grazing (scats, multi-stemmed plants, foliage eaten). 
Not all sites visited were destructively sampled. At Narawntapu N.P. where the 
saplings were greater than 3 m in height, and within sight of a walking track, 
destructive sampling of 10 plants was not appropriate. In this instance, the largest 
sapling was selected. In some areas, although the invading woody species were 
greater than the threshold set of 30 cm height and 1 cm diameter, the cohort of > 500 
seedlings were the same age and thus not a fruitful exercise to harvest. In other areas 
where woody invasion was well-established permission to harvest had not been 
granted. In both of these situations, detailed observation notes were taken and the 
area photographed. 
To assist with the physical description and topography of each site sketches, notes 
and photographs were used to record lawn shape, concave or convex, slope and 
elevation from lawn centre to lawn edge, % herb cover, % bare patches, the pattern of 
invasion and comments on the height and slope of surrounding vegetation. 
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Figure 4.3. Transect run from edge of bush (left), three 5 x 5 m plots laid out along 
transect for sampling (Lime Bay, Tasman Peninsula).  
4.3.4 Ring count methods 
Material for ring counts was taken by cutting the sapling at 15 cm above the ground, 
then again at 3 cm above the ground providing a 10 cm stem sample. This was air 
dried and polished with sandpaper up to 1200-grade. Two people counted the growth 
rings independently using a MagayLamp table magnifying glass. If the difference in 
rings counted between the two records was < 3 then the average of the two counts 
was taken, if the difference was > 3 then the count was redone until agreement was 
reached.  In Tasmania annual rings can be assumed to roughly correlate with age 
(Marsden-Smedley et al. 1999).  
A number of methods were used to compare the 10 specimens collected within and 
between each 5 × 5 m plot: mean ± 1 SE, modal count + 1 (Marsden-Smedley et al. 
1999) and the oldest specimen in each plot (Saïd and Gégout 2000). While the mean 
and modal count provided insight into how woody species establish on the lawn, the 
large number of younger seedlings, presumably progeny of an adjacent older pioneer, 
obscured the age of the first invader. Saïd and Gérout (2000) reconstructed invasion 
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history of sites by using tree core sampling and correlating this with historic aerial 
photographs and the age of the oldest woody specimen. They found that using the 
oldest tree in a sampled group could reliably determine when a farmed grassland area 
had been abandoned. The sapling with the highest ring count was used in the present 
study.  
4.3.5 Assessing invasion over time using aerial photographs 
The use of aerial photographs as a tool to estimate the increase of woody cover, has 
been used effectively in a number of studies (Bowmen et al. 2008 and references 
therein). Criteria for choosing aerial photographs were: 1) knowledge of existing 
lawns provided by: Department of Primary Industries and Water (DPIW) staff; Parks 
and Wildlife staff; Australian Plants Society members; bushwalkers and other 
researchers and, 2) lawns were accessible i.e. within a half day walking distance of 
road end. 
ArcGIS (ArcMap version 9.2) was used to compare current (post 2004) aerial 
photographs of grazing lawn sites with older (1966-1986) aerial photographs. Aerial 
photographs were scanned in and then rectified against a topographic map of the site. 
The old and current aerial photographs were magnified, laid over each other, and 
visually compared for change in vegetation cover. The old black and white 
photographs had a scale of 1:40,000 and the recent ones 1:42,000. The low resolution 
of the image was such that no attempt was made to quantify woody invasion.  
4.3.6 Assessing salinity tolerance 
To determine if salt water inundation of coastal grazed lawns may be a factor in 
maintaining lawn structure, a salinity experiment was conducted. Sixty 
Leptospermum lanigerum seedlings were collected in March 2006. Twenty cores of 
lawn samples were taken (from south east corner of each Bangor lawn plot) using a 
circular corer 7 cm × 7 cm. Seedlings and lawn swards (Figure 4.4), were brought 
back to the glasshouse and placed in pots (13.5 cm × 14.5 cm) with a potting mix 
suitable for native plants: 7 parts fine composted pine bark, 4 parts coarse washed 
river sand with fertilizer rates suitable for a bark based media (Handreck and Black 
Chapter Four. Methods: Woody invasion  
 142
1984). The pH was adjusted to around 6 with the addition of dolomite lime at a rate 
of 2.7kg/ m3. Major elements were supplied via the slow-release fertiliser 
Osmocote®. Low P formulations are used for native plants. Mean day and night 
temperature in the glasshouse was 19.8˚C and 14.2 ˚C respectively. After six weeks 
the plants were transferred to a shade house. Throughout the preparation period plants 
were checked daily and watered when needed.  
 
Figure 4.4. Bangor lawn sample with three of the four main plant species commonly 
found on coastal lawns (Schoenus nitens, Selliera radicans, Wilsonia backhousei and 
Eryngium vesiculosum). This is one of 20 cores potted up in preparation for the salinity 
experiment.  
Seedlings were all numbered, their height measured and 20 randomly assigned to 
each of the three treatments:  
1. 100% seawater (Electrical Conductivity (EC) in each pot ~ 55 000 μS/cm) 
2. Brackish (~10-15% seawater, EC in each pot ~ 7 500 μS/cm) 
3. Control (100% tap water,  EC in each pot ~ 400 μS/cm) 
The treatment was to place the potted seedling in a 9.6 litre bucket and add the liquid 
until 1 cm of the seedling stem was under the designated solution. Seawater for the 
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experiment was collected from 20 km southwest of Hobart. The height of the solution 
in the bucket and the salinity levels were kept constant throughout the experiment by 
topping up when required. Salinity was measured using a conductivity probe WTW 
LF 320 (Wissenschaftlich-Technische Werkstation) at the start and when adjusting 
liquid levels. The buckets assigned to each treatment were kept together as a group 
and rotated twice weekly in two ways. Firstly clockwise within the group on the 
bench (from the rear of the bench near the external wall of the shadehouse, to the 
front of bench), and then clockwise along the bench.  
The start of the salinity experiment (October 2006) was timed to reflect spring 
conditions when spring rains and storms are likely to cause breaches in sand dunes 
leading to salt water inundation of grazing lawns behind sand dunes. The seedlings 
were measured at the start of the 8 week experiment, at 4 weeks and at 8 weeks.  
Lawn sward 
Treatment for the lawn sward was the same with eight pots allocated randomly to 
each of the three treatments. Lawn pots were clipped to 4 cm at the start of 
experiment to resemble the height of a grazing lawn. The liquid solution level was set 
1 cm above the rim of the pot. Because of the varying growth habits of the lawn plant 
species, photographs and observational notes were used for comparison across time 
and treatments. The mean height and range of Selliera radicans, Schoenus nitens and 
Eryngium vesiculosum across all pots in each treatment was recorded at 8 weeks to 
demonstrate the different growth response of these species to the treatments and to 
complement the photographic records. 
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4.4 Results  
4.4.1 Weather patterns 
Northwest and northern field sites 
There are no complete data sets for the northwest coast or coastal regions in the west. 
The data set with no missing values is that at Marrawah (10 km north of the northern 
most field site at West Point). Recording started there in 1971 (Figure 4.5). Within 
that period the last ten years (1997-2007, mean rainfall 978 mm) have been drier than 
the ten years prior to that (1987-1997, mean rainfall 1122 mm). However, with the 
median for that station at 1020.1 mm it is still a relatively moist area. 
In the northern region of the state, Low Head, which is the closest station to the 
Waterhouse field site on the north coast, stopped recording in 2000. Records from the 
station to that date show a decline in median annual rainfall from a median of 672.9 
mm in 1948-1977 to 657.4 mm in 1978-2000. Thirty kilometres from Low Head (also 
on the northern coast) is Devonport airport (1963-1990, 1993-2007) (Figure 4.6). In 
this figure the extreme low shown in 2006 was 329.4 mm.  Devonport airport is the 
closest weather station to Narawntapu N.P. field site. Eddystone Point on the edge of 
Mt William N.P. would have given an excellent indication of changing rainfall 
patterns in that region but data for five of the last 15 years is missing. 
Flinders Island  
Flinders Island lies north east of Tasmania and like the northern and east coast 
regions has been experiencing dry conditions since the late 1970s (Figure 4.7). 
Continuous weather records for Flinders Island have been kept since 1890. The 
median for 1948-1978 was 796.2 mm and from 1978-2007 the median was 729 mm. 
Thus over the last 30 years the median rainfall has declined by 67.2 mm. The lowest 
rainfall between 1948 and 2007 was in 2006 with 473 mm recorded. 
East Coast 
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Swansea weather station on the East Coast is the closest weather station to Freycinet 
Peninsula (Figure 4.8). Records from the station show a decline in median annual 
rainfall from a median of 591.8 mm in 1955-1977 to 548.9 mm in 1978-2007. The 
median for the 60 years is 558.2 mm. The lowest rainfall recorded between 1955 and 
2007 was in 2006 with 443 mm. 
Further north weather stations at Bicheno and St Helens, suitable for the Bay of Fires 
field sites are missing data for the years of interest.  
Southeast 
Rainfall at Bangor has shown a decline since recording began in 1966 (Figure 4.9). 
Pre 1977 the average rainfall was 729 mm and from 1978-2007 the mean rainfall has 
dropped to 640 mm. 
The nearest BOM weather station to the Lime Bay site was Hobart airport (20 km, 
1959 – 2007) (Figure 4.10). The median rainfall for the years prior to 1978 was 547 
mm and post 1978 was 469.6 mm, a drop of 77.4 mm.  The lowest reading recorded 
within this period was 2006 with 297 mm recorded. 
On Bruny Island there are gaps in all the weather stations except Bruny Lighthouse 
that is 32 km south west of the field site, a site more similar to Maatsuyker Island 
than northern Bruny Island. The median for 1948-77 is 989.5 mm and only a slight 
drop between 1978—2007 to 973.4 with an overall median for last 60 years of 973.4 
mm. The lowest (699 mm, 1963) and the highest rainfall (1295 mm, 1975) were both 
in the period prior to 1978. The incomplete data sets of weather stations closer to 
Cape Queen Elizabeth, near the field site, suggest that this northern end of the island 
is drier. For example Great Bay 5 km away recorded 398 mm in 2006 and a median 
for that weather station of 604 mm. 
South 
Maatsuyker Island (10 and 15 km east of Cox Bight and New Harbour respectively, 
and 4 km off the coast) is very close to the field sites in the southwest (Figure 4.11). 
The pre 1978 median was 1371.6 mm and the post 78 median 1280.4 mm showing a 
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decline of 91.2 mm for the 30-year period. However, the most dramatic decline in 
rainfall started around 1988. If 1988 is used as the start date for comparison, the 
median pre 1988 was 1435.3 and post 1988 1062.9 mm, a decline of 372.4 mm 
(Figure 4.11).  
The regions 
All regions have shown a decline in the median rainfall post 1978 compared to the 30 
years prior to 1978, except the West Coast (median up 100 mm) and the Derwent 
region (median up 36 mm) (Figure 4.12). Four regions had significant declines in 
rainfall in the time period under comparison: Flinders Island (Two-sampled t-test T- 
value = 2.80, P-value = 0.007) East Coast (T-value = 2.47 P-value = 0.017), 
Midlands T-Value = 2.60 P-Value = 0.012) and King Island (T-Value = 2.56  P-
Value = 0.013). As sites from the Midlands or King Island were not part of this study 
these regions were not included in Figure 4.12, but the statistical analysis of the 
rainfall data is provided to give emphasis to the overall trend of substantial changes in 
rainfall, i.e. a ‘state shift’ in rainfall from pre1978 to post 1978 (Figure 4.13).  
The Central Plateau mean rainfall dropped 3.3% post 1978, while the West Coast had 
a mean rainfall gain of 3% post 1978. The northern region median fell 40 mm, 
Central 41 mm, Flinders 67.5 mm, East Coast 15.5 mm and the South East 32.5 mm.  
In the West Coast and Derwent regions, the high rainfall data range (first and second 
quartiles) is still below that of pre 1978. This is also the case for all other regions, 
with no regions experiencing a higher annual rainfall than that experienced in the pre 
1978 period. Extreme dry periods were not unknown pre 1978. However, the 
Northern Region, Flinders Island and East Coast Region have all recorded the lowest 
rainfall year in 60 years in the post 1978 period (Figure 4.12). 
Chapter Four. Results: Woody invasion  
 147
20102000199019801970
1550
1400
1250
1100
950
800
Year, Marrawah, Northwest Coast
M
ea
n 
an
nu
al
 ra
in
fa
ll 
(m
m
)
 
Figure 4.5. Mean annual rainfall at Marrawah. 1971-2007 median annual rainfall 
(dotted line) is 1020 mm. Mean annual rainfall 1971-1978 compared to 1979-2007 fell 
8.57%. 
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Figure 4.6. Mean annual rainfall Devonport airport 1963-2007. Data for 1991 and 1992 
is missing (dotted line). The median annual rainfall (horizontal dotted line) is 763 mm. 
Mean annual rainfall 1963 -1978 compared to 1979-2007 fell 13.45%. 
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Figure 4.7. Mean annual rainfall Flinders Island airport 1946-2007. The median annual 
rainfall (horizontal dotted line) is 761 mm. Mean annual rainfall 1948 -1978 compared 
to 1979-2007 fell 11.19%. 
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Figure 4.8. Mean annual rainfall at Swansea 1955 - 2007. The median annual rainfall is 
558 mm (dotted line). Mean annual rainfall 1955-1978 compared to 1979-2007 fell 
16.8%.  
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Figure 4.9. Mean annual rainfall for Bangor station (near Swan Lagoon site). The 
median annual rainfall is 654 mm (dotted line). Mean annual rainfall 1966-1978 
compared to 1979-2007 fell 12.14%.  
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Figure 4.10 Rainfall records at Hobart airport since recording began in 1959. The 
median annual rainfall is 481 mm (dotted line). Mean annual rainfall 1959-1978 
compared to 1979-2007 fell 15.86%.  
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Figure 4.11. Mean annual rainfall at Maatsuyker Island 1948-2007. The median annual 
rainfall is 1355 mm (dotted line). Mean annual rainfall 1948-1978 compared to 1979-
2007 fell 4.1%.  
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Figure 4.12. Rainfall data for six Tasmanian weather regions comparing data, 1948-
1977 (grey) and 1978-2007 (red). The median is represented by the solid black line 
within the box, each end of the box is the second and third quartiles, the whiskers 
extend to the highest and lowest rainfall range (1st quartile and 4th quartile 
respectively). The outlier (*) in the northern region is a low of 729 mm and at Flinders 
Island 528 mm, both new lows recorded in 2006. The red arrow indicates a significant 
decrease (P = < 0.05) in rainfall between 1948-1977 and 1978-2007 for Flinders and East 
Coast. 
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Figure 4.13 Weather regions of Tasmania. Colours indicate change in rainfall when the 
30 year period pre 1978 is compared to 30 year period post 1978. Red represents a 
significant rainfall decline (Two-sample t-test P = < 0.05), yellow a decline and green an 
increase. The place names marked are the nearest weather station (with a continuous 
record) to where field work was conducted, and the percent decline is the comparison of 
pre1978 rainfall data with post 1978 rainfall data at those stations.   
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4.4.2 Age of woody invaders estimated by ring counts 
The most frequently occurring age (modal count +1) of saplings, produced similar 
results to the mean age, however, both gave consistently lower estimates of the age of 
the oldest specimen from each site (Table 4.2). The two main genera invading the 
lawns were Leptospermum and Melaleuca.  
The oldest woody invaders, as gauged by ring counts, were in the north east, east and 
southeast. These areas are those where the rainfall has been declining since 1978 
(Table 4.2). With three exceptions, the oldest specimen (highest ring count) was 
found in the plot adjacent to the bush. However, the pattern of subsequent 
colonisation was less clear with at least half of the sites showing the plot furthest 
from the bush edge had a specimen older, or at least equal in age to the middle or first 
plot.(Table 4.2). 
4.4.3 Scat density  
Scat density varied from site to site according to the degree of shrub invasion. 
Densely invaded sites, such as that at Lime Bay Site 1, had no scats in plot 1 
(immediately adjoining the bush) and only 10 scats in plot 3 (close to lawn centre). 
However, animals were still present in the area as lawns nearby that were not invaded 
had high scat counts (~ 150 scats) in any given 5 × 5 m area. Narawntapu had the 
highest scat counts in plot 3 (260).  
4.4.4 Shrub form and method of propagation 
At all sites, the majority of shrubs were multi-stemmed suggesting that they had been 
heavily browsed in the early stages of establishment. L. lanigerum had a high 
proportion of individuals with capsules (25-90%). Even some of those < 50 cm in 
height had capsules indicating a high propagule pressure. Capsules were rarely found 
on any of the Melaleuca spp. but evidence of suckering was noticeable at all sites 
another strategy for quickly colonising a new area (Figure 4.14). 
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Table 4.2. Tree ring counts comparing methods using mode, mean ± SE and oldest 
sampled in 5 × 5 m plots. Plot 1 is closest to the bush edge and plot 3 closest to lawn 
centre. Numbers in brackets, beside species name is the number of plants sampled if less 
than 10. 
Location Site Species Plot Mode Mean ± SE Oldest
Friendly  1 Leptospermum  1 13 10 ± 1.12 17
Beaches  lanigerum 2 5   5 ± 0.80 9
   3 7   5 ± 0.27 7
      
Bruny Island 1 Melaleuca  1 6   7 ± 0.40 9
  squamea 2 4   3 ± 0.30 5
   3 4   3 ± 0.30 5
  
Eucalyptus ovata  
Single outlier    12
      
Mt William 1 L. lanigerum 1 10   9 ± 0.35 10
   2 8 8 ± 0.62 11
   3 9 10 ± 1.60 21
      
Mt William 2 M. ericifolia 1 8 8 ± 0.33 10
   2 9 9 ± 0.43 12
   3 9 8 ± 0.43 10
      
Lime Bay  1 L. lanigerum 1 9 6 ± 0.83 10
   2 6 5 ± 0.64 8
   3 4 4 ± 0.43 6
      
Lime Bay 2 L. lanigerum 1 11 10 ± 1.18 17
   2 8 6 ± 0.40 8
   3 11 7 ± 0.60 10
      
Lime Bay  3 L. lanigerum 1 18 14 ± 1.88 21
   2 6 6 ± 0.55 9
   3 5 6 ± 0.73 10
      
Narawntapu 1 M. ericifolia (1) 1 15 15 15
   2 8 8 ± 0.50 11
   3 3 3 ± 0.70 3
Narawntapu 2 M. ericifolia (1) 1 15 15 15
   2 7 6 ± 0.40 8
      
Waterhouse 1 L. lanigerum (7) 1 17 13 ± 1.40 19
  M. gibbosa (1)  9 9  
  M. squamea (2)  12 14  
  L. lanigerum (8) 2 9 11 ± 1.97 24
  M. squamea (2)  13 13  
  L. lanigerum (1) 3 7 8 ± 1.15 18
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Figure 4.14. Melaleuca ericifolia showing suckers invading grazing lawn Narawntapu 
National Park 2007. This can also represent a stable border phenomenon rather than an 
ongoing encroachment, however those that escape from grazing pressure (as was found 
at a number of sites) are the start of lawn colonisation. 
 
4.4.5 Field observations and photographs: Freshwater and 
saline sites 
Field notes and photographs confirmed that where woody invasion had occurred it 
was on the elevated lawn-bush edge. Invaded lawns were distinguished by the large 
areas of bare ground (> 50%) and what lawn was present was very sparse and heavily 
grazed (Figure 4.3). Where denser patches of lawn were found, these were generally 
in the lower lying lawn areas toward the centre of the lawn. 
Grazing lawns in high rainfall areas, such as in the highland areas of Cradle 
Mountain-Lake St Clair N.P. and the Walls of Jerusalem National Park (Figure 4.15) 
showed no signs of woody invasion. 
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Woody species were observed in areas of high rainfall in the southwest close to the 
coast where woody species had established on slightly elevated parts of the lawn. The 
river mouth entered the sea 150 m away so it is likely they could be subjected to salt-
water inundation in a storm event (Figure 4.16).  
The effects of sea surging inland were observed at Swan Lagoon (Bangor) when 
flood broke through barriers. Here dead shrubs are found within the limit of the 2003 
inundation that occurred when the entrance to the lagoon opened during a high 
rainfall event (Figure 4.17 and Figure 4.18). This photo also confirms that salt water 
had extended as far back as the Bangor lawn site explaining why this lowland lawn 
site on the extremely dry east coast, was free from woody invasion.  
In the saline areas of Lime Bay in the southeast, lawns on the lower lying areas were 
free of invasion (Figure 4.19) but elevated sections were observed to have become 
heavily invaded (Figure 4.20). This was also observed on the east coast of Flinders 
Island near Cameron Lagoon. 
No woody invasion was observed in areas subject to sea spray; for example areas 
behind rocky outcrops on the northwest coast at Couta Rocks and Richardson Pt 
(Figure 4.21) or around coastal headlands, such as those on the East Coast in the Bay 
of Fires above Garden Lagoon. 
In the Southwest N.P. many small lawn patches fringing the beach (~2 - 10 m in 
length) were observed (Figure 4.22). Fresh marsupial scats indicated these patches 
were grazed. 
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Figure 4.15. These grazing lawns, at the foot of a rocky mountain outcrop (Solomon’s 
Throne, Walls of Jerusalem N.P., 2006) are constantly moist from downslope runoff.  
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Figure 4.16. Extensive marsupial lawns adjoin New Harbour river, South West N.P. 
(top). On the bush edge of this lawn invading woody seedlings were prolific (bottom). 
However, these woody invaders could be inundated by salt water in an extreme storm 
event when the river mouth was opened to the sea (March 2006). 
Chapter Four. Results: Woody invasion  
 159
 
 
Figure 4.17. Swan Lagoon, Forestier Peninsula. Following an extreme storm event the 
river mouth opened to the sea flooding the wetlands behind (September 2003). (Photo: 
Werner Hennecke). 
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Figure 4.18. Dead trees on grazing lawns that surround Top Lagoon and Swan Lagoon, 
Bangor site, Forestier Peninsula (2006). During extreme storm events sea water enters 
through the river mouth and already brackish water would reach a level of salinity not 
tolerated by trees established on the grazing lawn. 
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Figure 4.19. Grazing lawn at Lime Bay showing high scat density (foreground), and 
little evidence of woody species invasion, other than a few shrubs on the bush edge 
(arrow). 
 
Figure 4.20. Woody invasion of a grazing lawn is well underway on this Lime 
Bay site, which is at a higher elevation and 200 m to the west of the above 
photograph (2007).  
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Figure 4.21. Lawn on northwest coast near Richardson Pt showing proximity to sea 
spray as well as down slope seepage (2007). 
  
Figure 4.22. Coastal marsupial lawns fringe beach Cox Bight, Southwest N.P. 2006.   
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4.4.6 Field observations and photographs: Human and land 
management impacts  
At sites where off-road recreational vehicles (e.g. 4 wheel drives, cross-country 
motorbikes and beach buggies) were permitted access, damage to the lawn sward was 
noticeable (Figure 4.23a & b). Cattle pugging was obvious on lawns where farmers 
had agistment rights on conservation land (Figure 4.22c). While instances of damage 
to lawns were observed in many areas, the northwest lawns stood out for the 
pervasiveness of damage from campers, cattle and vehicles.  
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Figure 4.23. Human impact on grazing lawns (2007) by (a) 4WD tyres Lime Bay State 
Reserve, (b) trail bike, Sundown Pt Conservation Area, (c) cattle pugging, near 
Richardson Pt, Arthur-Pieman Conservation Area, (d) Forestier Peninsula - grazing 
lawns are favourite camping spots and can be subjected to heavy usage in national 
parks. 
a b
cd
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4.4.7 Monitoring woody invasion using aerial photographs 
An increase in the extent of woody species coverage was noticeable on the Southeast 
coast sites, for example at Lime Bay (Figure 4.24), the East Coast sites (Figure 4.25) 
and the Northern coastal sites (Figure 4.26). In the more northern of the Northwest 
coast sites at Bluff Hill, Juncus was invading the lawns (Figure 4.27), often a sign of 
cattle disturbance. The aerial photographs indicate that the sand dunes at Friendly 
Beaches (Figure 4.25) as well as the lawns, are being invaded by woody species.   
Further south at West Point, woody growth encroaching on grassland sites shows an 
increase between 1986 and 2006 in the aerial photographs (Figure 4.28). There was 
little evidence in aerial photographs of woody invasion of coastal lawns below Arthur 
River, e.g. Figure 4.29. The lawn sites visited in the South West N.P. were too small 
to accurately gauge change through aerial photography.  
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Figure 4.24. Aerial photographs of Lime Bay sites (red triangle), 1966 (top), 2006 
(lower). The triangle in the top right of each photo is the fresh water site (Site 1) and the 
lower triangles are in the saline grazing lawns. 
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Figure 4.25. Aerial photograph of swales behind sand dunes, Friendly Beaches, 
Freycinet National Park, left 1985 and right 2005. 
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Figure 4.26. Aerial photograph of Narawntapu lawn site 1985 (top) and 2005 (lower). 
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Figure 4.27. Aerial photo of Bluff Hill Pt Northwest Tasmania, 1985 (top), 2005 (lower). 
Area immediately surrounding site (red triangle) is a mix of tussock and reeds. 
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Figure 4.28. Aerial photograph of West Point 1986 (top) and 2006 (lower). 
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Figure 4.29. Aerial photographs of grazing lawn sites south of Richardson Pt, northwest 
coast. Top photograph 1986, lower 2005. 
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4.4.8 Relationship between salinity, rainfall and invasion 
Areas of low rainfall and low salinity had the highest incidence of woody invasion of 
the areas examined (Figure 4.30). Areas of high rainfall and high salinity tended to 
remain constant in the lawn boundaries (Figure 4.30). In some areas with low rainfall 
but high salinity woody invasion had occurred (e.g. Lime Bay site 2 and 3). At lower 
altitudes in the Lime Bay wetland there were dead saplings and seedlings in a pattern 
consistent with inundation. 
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Figure 4.30. Study sites visited in Tasmania showing the relationship between rainfall, 
salinity and woody invasion of marsupial lawns.  
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4.5 Salinity trials 
4.5.1 Seedlings 
Salt water results 
Mean height ± SE of the 60 Leptospermum lanigerum seedlings at the start of 
experiment was 28.3 ± 0.87 cm. After 14 days the 20 L. lanigerum seedlings in salt 
water were dead (Figure 4.31). Measurements were to be conducted at 4 weeks to 
compare to the other treatments but with 100% death rate at two weeks no further 
measurements were made. 
  
Figure 4.31. Leptospermum lanigerum seedlings were all dead after 2 weeks submersion 
in 100% saltwater. 
Control and brackish treatments compared 
After 4 weeks no significant difference between the control (fresh water) and 
brackish treatments was found. Mean % difference in height change ± SE for the 
control treatment was 33.2 ± 3.5 and for brackish treatment was 31.5 ± 2.6 (t1,35 = -
0.38, P = 0.71).  
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After eight weeks three of the L. lanigerum seedlings in brackish water had died. The 
mean percent change in growth from the start of the experiment for the 20 control 
seedlings was 30.74 ± 2.73 cm and for 17 remaining seedlings in the brackish 
experiment 28.4 ± 1.78. While 100% of the control seedlings survived the 8 weeks 
waterlogging, the brackish experiment had a 15% loss. However the mean growth 
rate of the remaining seedlings in the brackish experiment was only marginally lower 
than the control group (Figure 4.32). 
 
Figure 4.32. Leptospermum lanigerum seedlings showing a high tolerance for brackish 
water after 8 weeks. 
4.5.2 Lawn sward  
Control and brackish treatment 
At the end of the eight-week experiment the sward species had grown vigorously in 
both the control (Figure 4.33) and brackish (Figure 4.34) treatments with no observed 
difference in the cover or mean height of the main lawn sward species (Selliera 
radicans, Schoenus nitens and Eryngium vesiculosum). After eight weeks in the 
control (fresh) and brackish treatments S. radicans was between 4 and 6 cm in height 
(mean 4.4 cm and 4.6 cm respectively), E. vesiculosum between 9-11 cm (mean 9.4 
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and 9.6 cm respectively) and S. nitens between 14 – 25 cm (mean 16.8 cm and 16.9 
cm respectively).  
Salt water treatment 
Lawn swards given the saltwater treatment showed considerable signs of stress after 4 
weeks (Figure 4.35), with over 50% of the plants in each pot dead and those still alive 
not healthy. A few specimens of S. nitens and S. radicans had survived. After eight 
weeks there were half a dozen yellow/green leaves on S. radicans remaining in two 
of the pots but no other species were alive (Figure 4.36). 
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Figure 4.33. Control lawn swards after 8 weeks, note a Leptospermum lanigerum 
seedling had germinated and continued to grow in left rear bucket. 
 
 
 
Figure 4.34. Lawn swards appear healthy and with considerable  
new growth after 8 weeks inundation in brackish water. 
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Figure 4.35. Lawn swards after 4 weeks in 100% salt water treatment. 
 
 
Figure 4.36. Salt water effects after 8 weeks. 
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4.6 Discussion  
This chapter set out to investigate if weather patterns had changed in Tasmania over 
the last thirty years and if so whether the extent of marsupial lawns had been affected. 
Rainfall data, ring counts, field observations, aerial photographs and salinity trials 
were used in the process of answering these questions. 
4.6.1 Rainfall patterns 
Since the late 1970s the Northern, Flinders Island, East Coast and the Southeast 
regions of Tasmania have experienced unusually dry conditions with these four 
regions recording the lowest rainfall in the last 60 years in 2006. In these regions, 
rainfall recordings at the closest weather station to field sites visited averaged a 13% 
decline, and four regions had a significant decline post 1978 compared to rainfall pre 
1978. In addition the high rainfall events, generally occurring in the winter months 
appear to be lessening in intensity or not occurring at all. High rainfall events 
replenish ground water and often inundate grazing lawns.  
Two regions, the West Coast and the Derwent experienced an increase in the median 
rainfall post 1978. However, even in these regions the high rainfall events did not 
match the pre 1978 figures. With consecutive dry years and fewer high rainfall 
events, it was hypothesised that lawns in the north, east and southeast regions would 
have little herbaceous growth to attract grazers to ‘mow’ down invading woody 
species; while high rainfall and saline areas would maintain lawns.  
4.6.2 Age of woody invasion from ring counts 
Ring counts of invading trees and shrubs confirmed that woody encroachment had 
occurred over the last 20-25 years with the three oldest trees recorded in the northern 
region (24 years), east coast region (21 years) and southeast (21 years). The mode for 
each group of saplings in the 5 x 5 m plots was useful for illustrating the process by 
which woody species invade a lawn, i.e. that a pioneer species successfully 
establishes and then colonises an area around it with a cohort of similarly aged 
seedlings.  
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The two most common woody invaders were Leptospermum and Melaleuca spp. The 
weight of Leptospermum and Melaleuca seeds means they are unlikely to land far 
from the parent plant or float when the lawn is inundated. Those seedlings that 
successfully establish some distance from the parent plant may be due to chance; 
landing near an obstacle to grazing. This perhaps explains some of the results where 
the third plot (the one furthest from the bush edge) had the oldest specimen, as was 
the case at Mt William NP (site 1, plot 3) and at Bruny Island (Table 4.2). Melaleuca 
ericifolia can colonize by suckering and again it would be expected that the oldest 
seedlings/saplings are closest to the parent plant. However, at Mt William site 2 
(Table 4.2), the oldest Melaleuca ericifolia specimen was found in the middle plot, 
not the plot adjoining the bush, so this generalisation has some exceptions.  
4.6.3 Field observations, aerial photographs and shadehouse 
experiments 
A comparison of aerial photographs taken between 1966-86 and post 2005, verified 
the field observations and ring counts in that widespread woody invasion of lawns 
had occurred in regions experiencing a decline in rainfall over the last 30 years. 
Invasion appeared to be associated with the higher elevated drier areas of the lawn 
closest to the existing lawn-bush boundary.  
Areas not affected by woody invasion were those close to the coast and subject to salt 
spray, or saline areas formerly open to the sea but now blocked by sand dunes such as 
those found on the northwest coast at Couta Rocks, Richardson Pt and northeast coast 
headlands in the Bay of Fires above Garden Lagoon.  
Dunes can be breached in storm events flooding grazing lawns in swales. Where 
rivers and lagoons are connected to the sea a storm event that perhaps coincides with 
a King Tide, enables seawater to enter the river and flood vegetation surrounding the 
river or lagoon. This was the case at Swan Lagoon on the Forestier Peninsula in 2003. 
This event was likely to have caused the death of trees that had established on grazing 
lawns surrounding the lagoons.  
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Not all tree deaths through salinity are caused by seawater inundation. Herbaceous 
species with a shorter root system keep the water table high compared to a treed area, 
and if this area is saline then woody species are more likely to be killed when 
inundated. For example at Lime Bay where the sea cannot enter (now cut off by high 
sand dunes), some of the ephemeral wetlands are very saline. When these areas are 
inundated, they kill off invading woody species, maintaining the lawn in the process. 
The aerial photograph of Lime Bay illustrates this where the woody vegetation that 
has successfully established on the grazing lawns are on raised areas (Figure 4.24).  
Woody invasion such as that observed near a saline lagoon at Lime Bay (site 2 and 
3), and in the southwest close to where the river enters the sea, may only be as 
permanent as the next King Tide combined with a storm event.  
The shadehouse experiments confirmed that one of the main woody invaders L. 
lanigerum did not tolerate saltwater. Within 14 days L. lanigerum seedlings subjected 
to saltwater inundation had all died. It is not clear why three in the brackish water 
died. While the liquid level of the solution was maintained, the saline readings were 
taken at the start of the experiment and after 4 and 8 weeks. It is possible that higher 
water evaporation in the bucket (influenced by heat and position of plant and number 
of leaves transpiring) will mean some of the solutions in the buckets became more 
saline than others, tipping the plant beyond their salt tolerance levels. When the 
salinity readings were taken at the end of the experiment, two of the pots with dead 
seedlings had marginally exceeded 15 % salinity, but so had several others where the 
seedlings had not died. In the brackish pots there were signs of stress where leaves 
were in contact with water; the leaves appeared to be scalded and unhealthy in 
appearance. Of the lawn species subject to saltwater inundation Selliera radicans 
survived the longest. After 4 weeks of saltwater inundation, it appeared very 
unhealthy, was much diminished in height but still had a few yellow/green leaves 
suggesting that this species could survive a short saltwater inundation better than the 
L. lanigerum. 
Melaleuca ericifolia (swamp paperbark), a species found on a number of lawn sites, 
was found to have a similar salinity response to that of the L. lanigerum by Salter et 
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al. 2007. In their study M. ericifolia seedlings died rapidly after 5 weeks in a high 
salinity treatment that included both sediment waterlogging and submergence, but at 
lower salinities Melaleuca was highly tolerant of both waterlogging and 
submergence. In an earlier study Ladiges et al. (1981) found that seed germination of 
M. ericifolia is totally inhibited at salinities of 14%. Seedling growth was also found 
to decline at salinities ≤ 13% and was severely restricted at 21%. 
In high rainfall areas, such as the Central Plateau, Cradle Mountain – Lake St Clair 
and Walls of Jerusalem N.P. marsupial lawns were not affected by woody invasion. 
High moisture and/or unusually high rainfall have been cited in a number of studies 
as a possible cause of woody invasion (O'Connor and Roux 1995; Crowley and 
Garnett 1998; Price and Morgan 2008) but not as a means of preventing woody 
invasion, as found in this study.  
4.6.4 Woody invasion as a global phenomenon 
These findings reflect what is happening globally where in recent decades, woody 
plants have been encroaching into regions historically dominated by grasses with the 
potential to alter dramatically key ecosystem processes (Crowley and Garnett 1998; 
Norris et al. 2001; Briggs et al. 2005; Price and Morgan 2008).  
Woody encroachment has been attributed to a variety of factors including elevated N 
inputs and increased atmospheric CO2 (Bahre and Shelton 1993; Polley et al. 1994; 
Scholes and Archer 1997). Overgrazing by stock (usually by cattle) (Crowley and 
Garnett 1998), withdrawal of stock (Costello et al. 2000) and changed fire regimes 
are other factors implicated in the woody invasions (Walker et al. 1981; Van Vegten 
1983; Archer 1995; Lunt 1998; Archer et al. 2001; Roques et al. 2001). Browsing of 
seed pods and subsequent dissemination of the seed in dung has also been found as a 
factor influencing increased shrub recruitment (Archer et al. 2001). 
While the processes listed above may be part of the explanation for why woody 
species are invading lawns in Tasmania, there appears to be additional aspects not 
investigated previously. These are the association of the ‘drying out’ of grazing lawns 
with the ‘state change’ in weather patterns that happened in the late 1970s. At this 
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point a marked drop in annual rainfall began to be noticed alongside the diminishing 
number of heavy rainfall events (Kirkpatrick et al. 1999; Calder and Kirkpatrick 
2008). Four regions are significantly drier and all except two (West Coast and 
Derwent) have had diminished rainfall since the late 1970s. Lawns appear to be 
drying out from the edges with bare patches creating niches for colonisation by non 
lawn species. In addition the investigation of aerial photos, field work and salinity 
experiments suggests that areas unlikely to be affected by woody invasion are those 
in high rainfall zone and lawns subject to sea spray or inundation by salt water.   
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5  Discussion, Future Research  and Management 
Implications 
This thesis set out to determine the factors that maintain lawns associated with wetlands 
in Tasmania. The thesis has explored whether the maintenance of lawns was due to 
biotic (‘top down’) or abiotic (‘bottom up’) controls or the interaction of the two. Three 
chapters addressed the questions: Are they genuine marsupial lawns? Do they have a 
distinct biota? Is a changing climate affecting their extent? This conclusion brings 
together the findings of the study, suggests research that might flow from the results and 
discusses the conservation and management implications of  the results. 
5.1 Do lawns have a distinct biota? 
Bangor and Central Plateau lawns were biotically distinct from the adjoining bush 
vegetation. Lawns had a dense cover of herbaceous species while ground cover in bush 
consisted of litter and bare ground with little herbaceous cover. Dicotyledonous 
herbaceous species provided the dominant cover in the lawns (Bangor 63% and Central 
Plateau 54%). Similarly, a high occurrence of dicotyledonous seedlings was found in a 
study of grey kangaroos (Macropus giganteus) at Tidbinbilla Nature Reserve (ACT). 
Here grazing was found to increase the frequency of occurrence of dicotyledonous 
seedlings (Neave and Tanton 1989).  
The composition of herbivorous invertebrates was also distinct between lawn and bush. 
One third of the taxa found in lawn pitfall traps and sticky traps were not found in bush 
traps. The Bobilla cricket (Gryllidae) dominated the lawn taxa at Bangor and the weevil 
Desiantha (Curculionidae) at the Central Plateau. However, of the taxa that were found 
only on the lawn, Desiantha was the most abundant species at Bangor and Rytisternus 
(Carabidae) at the Central Plateau. There are no known studies of lawn invertebrate 
communities with which to compare these findings. Future research could give insight 
into below ground invertebrate biota.
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5.2 Are they marsupial lawns? ‘Top down’ or ‘bottom up’ 
controls?  
High moisture was the only environmental variable (bottom up control) that was 
associated with lawns at both sites. Year round grazing in places moist enough to 
support lawns appears essential to keep the lawns free from woody encroachment in 
Tasmania (top down control), as exclosures proved that woody species could establish in 
the absence of grazing. Marsupials (wallaby, pademelon and wombat) were the major 
grazers. While rabbits were also grazers, scat numbers were comparatively small and 
grazing dropped dramatically following wet periods, and no rabbit scats were found on 
lawns in the south west. Therefore, the local name ‘marsupial lawn’ is an apt 
description.  
Invertebrate grazers 
The mesh size of the exclosures was large enough for invertebrate herbivores to gain 
access. Woody seedlings within the exclosures appeared healthy and had no obvious 
insect damage, so it is unlikely that invertebrate herbivores were keeping the lawn free 
of woody species at these sites. However, other experiments have shown that 
invertebrates can affect woody seedling establishment, especially in the earliest 
demographic stage (Meiners et al. 2000). For example, shoot-mining larvae (Diptera) 
can have catastrophic effects on survival of young seedlings (Facelli 1994; Pook et al. 
1998). 
In a southern African study of woody species encroachment into savanna, Hagenah et al. 
(2008) found that most herbivory was caused by invertebrates, and that both 
invertebrates and rodents damaged more seedlings in clipped than in unclipped savanna 
grassland, whereas the presence or absence of larger herbivores had no effect, the 
reverse situation to that which pertains in the marsupial lawns.  
Competition 
Woody regeneration in the exclosures also proved that competition from the grass sward 
did not prevent woody species establishment. The competitive advantage of grasses has 
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been suggested as a possible reason for failure of woody species to establish in grassy 
openings in a number of studies (Fensham and Kirkpatrick 1992a; Scholes and Archer 
1997), though Fensham and Kirkpatrick (1992a) suggested that a heavily grazed short 
sward may be more favourable to woody seedling establishment than a taller sward. In 
their study of competition for moisture between grasses and the invading shrub Prosopis 
Brown and Archer (1990; 1999) concluded that competition for moisture was unlikely to 
play a role in sites that had a history of substantial grazing pressure.  
Other environmental variables  
Waterlogging, water table height, topography or extremes of hot and cold temperatures 
were not critical in maintaining the lawn boundary across all sites. In fact waterlogging 
may even favour Leptospermum lanigerum as demonstrated in the shadehouse 
experiment. The high tolerance of this species to waterlogging is supported by other 
studies of Leptospermum species (Cook et al. 1980; Pryor et al. 2006). High 
conductivity is often associated with a clay soil structure and/or salinity which can 
negatively affect growth in plants (McDonald et al. 1990; Lund et al. 1999; Al-Busaidi 
et al. 2008), particularly woody species, as shown in an agroforestry trial using 
Eucalyptus globulus (Sudmeyer and Simons 2008). However, in the present study where 
conductivity measurements in the bush at Bangor were comparable to the Central 
Plateau lawn measurements, conductivity was not a reason preventing woody species 
establishment.  
It was expected that the lawn soils could be more fertile than those in the adjacent bush. 
However, the soil data were not consistent with this hypothesis. In Nepal, Moe and 
Wegge (2008) found that the nutrient content of lawn soil was similar to that of adjacent, 
less intensively grazed areas, apart from P, which was lower in lawn soils. High plant P 
requirement on grazing lawns and removal of nutrients by Axis deer (Axis axis), they 
believed, explained low soil P levels. Experiments with Axis deer pellet fertilization 
showed that high dung deposition increased plant P content, probably because of 
increased P uptake during early stages of growth.  
It is possible for plant species to be extremely efficient in nutrient uptake (Hobbie 1992). 
While Moe and Wegge (2008) found soil nutrients in lawns were not significantly 
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different to those in the soils of ungrazed areas, they did find that N, P, K, Na, and Mg 
content of herbs and grasses from grazing lawns were significantly higher than in 
adjacent ungrazed areas. In a different wetland (African), the Roan (Hippotragus 
equinus) concentrated its grazing activities in one zone where the grazing best suited its 
nutritional requirements (Kröger and Rogers 2005). Research on the nutritional content 
of marsupial lawn dominants would give insight into the benefits they provide for 
marsupials. 
 
5.3 Is changing climate affecting the extent of lawns? 
Low rainfall, it was hypothesized, would affect lawn growth, reducing the attractiveness 
of the sward to grazers. A reduction in grazing, as demonstrated by the exclosure 
experiment, allows the rapid establishment of woody species. Since the late 1970s the 
Northern, Flinders Island, East Coast and the Southeast Regions of Tasmania have 
experienced unusually dry conditions with a mean drop in annual rainfall of c.13%.  
A comparison of old (pre 1987) and current aerial photographs (post 2005) and ring 
counts of the invading shrubs confirmed that woody invasion of grazing lawns has 
occurred over the last 20-30 years in areas where rainfall has declined. Rainfall is 
predicted to continue to decline in the drier regions, as are changes to the seasonal and 
spatial patterns of rainfall (McIntosh et al. 2005; Cai and Cowan 2008; Dunlop and 
Brown 2008).  
In contrast, Price and Morgan (2008) concluded encroachment occurred faster in years 
that has wet summers (along with changed management practices) and these factors 
promoted woody invasion by the native species Leptospermum scoparium into herb-rich 
woodlands in the Grampians National Park (Victoria). L. scoparium had increased in 
abundance within its ‘natural range’. Aerial photos in 1948 showed 40% of the study 
area had >50% cover of woody plants and this had increased to 90% by 1997. 
Encroachment had occurred into communities that are considered some of the most 
species-rich in temperate Australia, with up to 45 plant species found per square metre 
(Lunt 1990; Lunt and Bennett 1999).  
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Invading Melaleuca viridiflora was estimated to have reduced grasslands by 10% on 
Cape York Peninsula (Queensland). Encroachment in this case was attributed to a 
reduction in the use of fire as a management tool since European settlement and seedling 
recruitment during a succession of wet years 1970-1977 (Crowley and Garnett 1998). 
Similarly in New Zealand concern has been expressed about the potential negative 
impacts of encroachment of L. scoparium into tussock grassland and cushion bog 
communities as a result of changing fire and grazing regimes (Calder et al. 1992; Rogers 
and Leathwick 1994; Johnson 2005).  
There are few studies that demonstrate a reduction in native herbivore grazing leads to 
woody invasion (Kirkpatrick 2004; Kirkpatrick et al. 2007). In a grassland and grassy 
woodland remnant in Hobart, Tasmania, Kirkpatrick (2004) concluded that woody 
thickening was most extreme where the vegetation was most burnt and ungrazed (by 
marsupials). Most studies that suggest over grazing (e.g. Van Auken 2000) or under-
grazing (e.g. Costello et al. 2000) interacting with environmental variables such as fire 
and rain, as the cause of woody invasion involve domestic stock (particularly cattle), 
rather than the situation in the present study, where the precipitating factor was drought 
reducing native grazing attraction to lawn areas, which has led to woody invasion in the 
drier regions of Tasmania.  
Areas not affected by woody invasion 
High rainfall areas (highlands and West Coast) and coastal areas with a high salinity 
such as headlands subjected to salt spray, lawns around saline lagoons and low lying 
grazing lawns occasionally inundated by seawater in storm events were not affected by 
woody invasion. Rising sea levels may cause coastal brackish marsupial lawns to 
become salt marsh (Flannery 2005; IPCC 2007; Dunlop and Brown 2008).  
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5.4 Management implications: sustaining critical functional 
species interactions 
Periods when lawns are inundated appear to be lessening in the north, east and southeast 
of Tasmania and likely to increase in the west with increasing rainfall (Figure 4.12). In a 
recent paper on changes in Southern Australian wetlands Nielson and Brock (2009) 
predicted changes in the depth and the duration of inundation of wetland areas. They 
concluded that these changes are likely to influence individual taxa in different ways 
causing either temporary or permanent changes in plant communities. For those species 
at the edge of their ecological range, the likelihood of local extinction will increase 
(Casanova and Brock 2000; Nielson and Brock 2009).  
Given the tendencies in weather patterns observed in Tasmania over the last thirty years, 
compared to the previous thirty years, lawns associated with ephemeral wetlands in the 
north, east and southeast, whether in reserved areas or on private land, are highly 
vulnerable ecosystems. This study has shown that lawns in these parts of Tasmania are 
diminishing with woody incursion.  
Grasslands, and by implication a subset of these, grazing lawns, have been suggested as 
dynamic mosaics of patches at different successional stages best viewed over time at a 
regional and landscape scale  (Watt 1947; Wu 1999; Gillson 2004; Archibald et al. 
2005; Archibald 2008). Using the Hierarchical Patch Dynamics paradigm (Wu 1999; 
Wu and David 2002; Gillson 2004) grasslands (and by implication lawns) are moving 
patches in the landscape mosaic, disappearing here but re-emerging there over time. 
However, there is no evidence in this study that marsupial lawns associated with 
ephemeral wetlands, in a drying climate, will emerge elsewhere as a patch in response to 
disturbance, such as fire, in the eastern and northern parts of Tasmania.  
Plant species that have co-evolved with grazing are specialists of the lawn habitat 
(McNaughton 1984; Grubb 1986; Karki et al. 2000; Olofsson et al. 2008) and may 
become threatened should lawn areas be substantially reduced. Recent DNA analysis of 
extinct megaherbivore moa (Aves, Dinornithiformes) faeces in New Zealand has found 
that the extirpation of moa may also explain why many of the herbaceous species they 
fed on are currently listed as vulnerable (Wood et al. 2008).  
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Originally it was thought that the moa were browsers of small trees and shrubs, and that 
is why some shrubs have evolved divarication mimicry and heteroblasty, among others, 
as a protection against browsing. However, the DNA analysis of moa dung has revealed 
that up to 50% of the diet of some moa species consisted of small dicotyledonous and 
monocotyledonous herbs. Some of the endangered species, which currently lack 
dispersers such as Ceratocephala pungens, Myosurus minimus novae-zelandiae, were 
particularly common in the coprolites (Wood et al. 2008).  
Plant species found on grazing lawns may provide essential nutrients for other fauna 
(beside marsupials) associated with lawns (Mulkern 1967; Awmack and Leather 2002; 
Kröger and Rogers 2005; Hoffmann et al. 2009). Many native insects have been found 
to be host and habitat specific. In a study of beetles in suburban Auckland, Kuschel 
(1990) found a strong disjunction between beetle assemblages in native forest habitats. 
Only 9% of the 753 non-littoral native beetle species Kuschel collected were outside of 
native forest in suburban Auckland. Subsequent studies have found a similar dependence 
of native insects on native forest habitats (Harris and Burns 2000; Harris et al. 2004; 
Derraik et al. 2005).  
Whenever discrete patches of a plant have been studied, the number of species of 
phytophagous insects has found to decrease as the patches get smaller; that is, there is a 
species-area relationship, with species becoming rarer per unit of habitat (i.e. per plant 
per m2) (Simberloff 1976; Strong et al. 1984; Thomas et al. 2004). With reduced lawn 
habitat, particular invertebrate communities could decline (i.e. the combination of 
species typical of these lawns).  
This study has begun the process of identifying the location, size and biota of grazing 
lawns associated with ephemeral wetlands in Tasmania and the impacts of a changing 
climate on lawns. Considerable attention has been given to woody invasion of grasslands 
(e.g. Lunt, 1998, Archer et al. 2001) but little has been known about woody invasion of 
wetland lawns. Mapping using remote sensing techniques would give additional 
knowledge of the extent of lawns in Tasmania, and could be used to monitor change.  
Further research into lawn invertebrate fauna is required to understand their role in 
maintaining lawns. At present the distributional knowledge is still poor. For example, 
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are the abundant and/or ‘lawn only’ invertebrates more confined to this environment in 
Tasmania? This information is needed before the lawn habitat disappears in the north 
and east.  
To adaptively manage these ephemerally wet marsupial lawns as an ongoing part of 
Tasmanian landscape mosaics the knowledge generated by this study could be used now 
to guide wise use, management and conservation of these ecosystems whilst also guiding 
future research into their functioning and management. 
To conclude the maintenance of marsupial lawns associated with wetlands in Tasmania 
is the result of the interaction of ‘top down’ and ‘bottom up’ controls. If either moisture 
or grazing levels are changed substantially, as appears to be happening with changing 
weather patterns in Tasmania, then this habitat and the associated biotic communities 
appear vulnerable to decline. 
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8 Appendices 
Appendix 1 
Plant species found in Bangor lawn and bush quadrats (exclosure and control) at initial 
census (2005) and subsequent censuses (2006 and 2007). e = endemic, i = introduced. 
Lifeform: Herb, creeping/rosette/mat = 1, Upright herb = 2, Grass = 3, Sedge = 4, Woody = 
5, m/d = monocotyledon/dicotyledon, N = number of quadrats. Blank spaces indicate that 
that species was not found in that habitat. 
 
Family Plant Species 
Bangor Lawn (N = 40) 
Plant Species 
Bangor Bush (N = 20) 
Life 
form 
m/d
Apiaceae Centella cordifolia Centella cordifolia  1 d 
 Eryngium vesiculosum Eryngium vesiculosum 1 d 
Asteraceae Cirsium vulgare (i)  1 d 
 Leontodon taraxacoides (i) Leontodon taraxacoides 1 d 
 Leptinella reptens Leptinella reptans 1 d 
  Euchiton collinus 1 d 
  Helichrysum scorpioides 2 d 
  Leptorhynchos squamatus 2 d 
Bryophyta  Bryophyta   
Campanulaceae Lobelia alata Lobelia alata 2 d 
Convolvulaceae Dichondra repens  1 d 
 Wilsonia backhousei  1 d 
Cyperaceae Schoenus nitens Schoenus nitens 4 m 
  Lepidosperma longitudinale 4 m 
Epacridaceae  Epacris impressa  5 d 
  Lissanthe strigosa 5 d 
Fabaceae  Bossiaea prostrata 5 d 
Gentianaceae  Centaurium sp. (i) 2 m 
Goodeniaceae Selliera radicans  1 d 
  Goodenia lanata 1 d 
Juncaceae Juncus sp. Juncus sp 4 m 
Mimosaceae Acacia verticillata Acacia verticillata 5 d 
Myrtaceae Eucalyptus ovata Eucalyptus ovata 5 d 
  Eucalyptus pulchella (e) 5 d 
 Leptospermum lanigerum  Leptospermum lanigerum  5 d 
 Leptospermum scoparium Leptospermum scoparium 5 d 
Oxalidaceae  Oxalis perennans 1 d 
Poaceae Agrostis sp. Agrostis sp. 3 m 
 Austrodanthonia sp. Austrodanthonia sp. 3 m 
 Austrostipa aphylla (e) Austrostipa aphylla (e) 3 m 
 Deyeuxia quadriseta  3 m 
  Dichelachne sp.  3 m 
  Themeda triandra 3 m 
  Poa sp. 3 m 
Primulaceae Samolus repens Samolus repens 1 d 
Proteaceae  Banksia marginata 5 d 
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Family Plant Species 
Bangor Lawn (N = 40) 
Plant Species 
Bangor Bush (N = 20) 
Life 
form 
m/d
     
Ranunculaceae  Ranunculus sp. 1 d 
Rutaceae Baronia parviflora. Boronia parviflora 5 d 
Violaceae  Viola hederacea 1 d 
Lomandraceae  Lomandra longifolia 4 m 
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Appendix 2  
Plant species found in Central Plateau lawn and bush quadrats (exclosure and control) at 
initial census (2005) and subsequent censuses (2006 and 2007). e = endemic, i = introduced. 
Lifeform (Lf): Herb, creeping/rosette/mat = 1, Upright herb = 2, Grass = 3, Sedge = 4, 
Woody = 5. m/d = monocotyledon/dicotyledon. N = number of quadrats, Gymno = 
gymnospermae. Blank spaces indicate that that species was not found in that habitat. 
 
Family 
Central Plateau LAWN 
Plant species (N = 40) 
Central Plateau BUSH 
Plant species (N = 20) 
Lf m/d 
Apiaceae Hydrocotyle   1 d 
 Hydrocotyle muscosa  1 d 
 Lilaeopsis polyantha  1 d 
Asteraceae Brachyscome nivalis  1 d 
 Cotula alpina  1 d 
 Euchiton agentifolius Euchiton agentifolius 1 d 
 Euchiton traversii Euchiton traversii 1 d 
 Ozothamnus hookeri Ozothamnus hookeri 5 d 
  Craspedia coolaminica 2 d 
  Microseris lanceolata 1 d 
  Olearia algida 5 d 
  Senecio gunnii 2 d 
Campanulacea Isotoma fluviatilis  1 d 
 Pratia surrepens  1 d 
Centrolepidaceae Centrolepis muscoides  4 m 
Cyperaceae Carex gaudichaudiana  Carex sp 4 m 
 Carex stellata  4 m 
 Carpha alpina  4 m 
 Isolepis alpina  4 m 
 Oreobolus distichus Oreobolus distichus 4 m 
 Schoenus calyptratus Schoenus calyptratus 4 m 
Danthonia Erythranthera australis  3 m 
Droseraceae Drosera pygmaea Drosera pygmaea 1 d 
Epacridaceae Epacris gunnii Epacris gunnii 5 d 
 Epacris serpyllifolia Epacris serpyllifolia 5 d 
  Monotoca empetrifolia 5 d 
 Richea acerosa Richea acerosa 5 d 
Ericaceae  Gaultheria tasmanica 5 d 
Gentianaceae Chionogentias eichleri  1 d 
 Liparophyllum gunnii  1 d 
Geraniaceae Geranium sessiliflorum  1 d 
Goodeniaceae Velleia montana Velleia montana 1 d 
Haloragaceae Myriophyllum spp.  1 d 
 Gonocarpus micranthus Gonocarpus micranthus 1 d 
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Appendix 2 ctd 
 Central Plateau LAWN Central Plateau BUSH Lf m/d
Family Plant species (N = 40) Plant species (N = 20)   
     
Hypericaceae Hypericum japonicum   2 d 
Juncaceae Juncus  4 m 
 Luzula sp  4 m 
Lentibulariaceae Utricularia monanthos  1 d 
Linaceae Linum albidum  2 d 
Myrtaceae Leptospermum rupestre  5 d 
Oxalidaceae Oxalis magellanica  1 d 
Plantaginaceae   Plantago sp.  1 d 
Poaceae Austrodanthonia sp. Austrodanthonia sp. 3 m 
 Agrostis sp. Agrostis sp. 3 m 
  Hierochloe redolens 3 m 
  Poa sp. 3 m 
  Poa gunnii 3 m 
Podocarpaceae  Podocarpus lawrencei 5 Gymno
Proteaceae Bellendena montana  5 d 
Ranunculaceae Ranunculus glabrifolius  1  d 
 Ranunculus jugosus  1 d 
 Ranunculus nanus  1 d 
Restionaceae  Empodisma minus 4 m 
 Restio australis Restio australis 4 m 
Rhamnaceae Cryptandra alpina Cryptandra alpina 5 d 
Rosaceae  Acaena novae-zealandiae 1 d 
Rubiaceae Asperula gunii Asperula gunnii 2 d 
  Asperula pusilla 2 d 
 Coprosma perpusilla Coprosma perpusilla 5 d 
 Nertera depressa  1 d 
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Appendix 3 
Bangor invertebrate lawn and bush species profile (from the four orders of interest) of most abundant to not so abundant using mean and 
Standard Error (SE) of 87 pitfall traps from the lawn and 94 pitfall traps from the bush. L = larva, A = adult. P values in bold are significant at 
P < 0.05.. Blank spaces in mean ± SE column indicate that that species was not found in that habitat. Blanks in the P column indicate that the 
number of species found were insufficient for significance testing. 
BANGOR INVERTEBRATES    LAWN  BUSH  
Order Family Species/Genus  Mean ± SE P Mean ± SE P
COLEOPTERA Curculionidae Desiantha  1.46 ± 0.4 0.001   
 Staphylinidae Paederus   0.7 ± 0.27 0.001   
ORTHOPTERA Acrididae Schizobothrus    0.16 ± 0.13 0.004   
HEMIPTERA Pentatomidae Pentatomidae 0.15 ± 0.13 0.005   
COLEOPTERA Hydrophilidae Cercyon 0.14 ± 0.12 0.007   
 Scarabaeidae Onthophagus posticus 0.16 ± 0.13 0.009   
 Carabidae Carabidae small 0.09 ± 0.10 0.013   
LEPIDOPTERA Noctuidae Agrotis L 0.08 ± 0.09 0.013   
COLEOPTERA Curculionidae Desiantha smooth 0.08 ± 0.09 0.025   
 Scarabaeidae Ataenius 0.05 ± 0.07 0.059   
 Carabidae Carabidae nr Demetrida 0.05 ± 0.07 0.072   
 Cantharidae Chauliognathus L 0.03 ± 0.06 0.124   
HEMIPTERA Fulgoroidea Fulgoroidea 0.03 ± 0.06 0.124   
COLEOPTERA Staphylinidae  Staphylinidae thyreocephalus 0.02 ± 0.05 0.216   
LEPIDOPTERA Crambidae Crambidae 0.02 ± 0.05 0.229   
 Hepialidae Oncopera intricata A 0.02 ± 0.05 0.277   
COLEOPTERA Staphylinidae  Staphylinidae Aleochara 0.01 ± 0.04 0.465   
LEPIDOPTERA Psychidae  Psychidae L 0.14 ± 0.12 0.467   
COLEOPTERA Carabidae Scaraphites rotundipennis  0.01 ± 0.04 0.472   
 Scarabaeidae Onthophagus auritus 0.02 ± 0.05 0.473   
 Staphylinidae  Staphylinoid 0.01 ± 0.04 0.474   
 Curculionidae Desiantha smooth&bifid 0.01 ± 0.04 0.475   
 Carabidae Prosopogmus 0.01 ± 0.04 0.476   
HEMIPTERA Reduviidae Reduviidae elongate 0.01 ± 0.04 0.481   
 Cydnipidae Adrisa 0.01 ± 0.04 0.481   
LEPIDOPTERA Geometridae Geometridae 0.01 ± 0.04 0.481   
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BANGOR INVERTEBRATES ctd    LAWN  BUSH  
Order Family Species/Genus  Mean ± SE P Mean ± SE P 
COLEOPTERA Anthicidae Tomoderus 0.01 ± 0.04 0.487   
ORTHOPTERA Acrididae Unknown large grasshopper 0.01 ± 0.04 0.487   
COLEOPTERA Carabidae Lebiini 0.01 ± 0.04 0.497   
 Cantharidae Chauliognathus 0.01 ± 0.04 0.496   
 Curculionidae Mandalotus small 0.02 ± 0.05 0.497   
 Tenebrionidae Coripera 0.01 ± 0.04 0.499   
 Pselaphidae Pselaphus  0.01 ± 0.04 0.502   
HEMIPTERA Cicadellidae  Cicadellidae 0.02 ± 0.05 0.504   
 Saldidae Saldidae 0.01 ± 0.04 0.504   
COLEOPTERA Staphylinidae  Staphylinae Conosoma 0.05 ± 0.07 0.505   
 Scarabaeidae Phyllotocus rufipennis 0.01 ± 0.04 0.515   
ORTHOPTERA Acrididae Urnisa rugosa 0.01 ± 0.04 0.529   
ORTHOPTERA Gryllidae Bobilla 24.95 ± 1.64 0.001 2.16 ± 0.88  
COLEOPTERA Chrysomelidae Eumolpinae    1.60 ± 0.41 0.001 0.02 ± 0.05  
ORTHOPTERA Gryllidae Teleogryllus    0.90 ± 0.31 0.001 0.01 ± 0.03  
 Acrididae Phaulacridium   0.99 ± 0.33 0.001 0.20 ± 0.20  
HEMIPTERA Reduviidae Reduviidae   0.74 ± 0.28 0.001 0.02 ± 0.05  
COLEOPTERA Elateridae Agrypnus        1 ± 0.33 0.001 0.04 ± 0.07  
 Curculionidae Desiantha bifid 2.26 ± 0.49 0.001 0.05 ± 0.10  
 Curculionidae Desiantha setose 2.53 ± 0.52 0.001 0.04 ± 0.08  
 Tenebrionidae Isopteron 0.78 ± 0.29 0.003 0.28 ± 0.27  
ORTHOPTERA Tetrigidae Tetrix 0.64 ± 0.26 0.003 0.13 ± 0.11  
 Acrididae Austroicetes 0.39 ± 0.20 0.002 0.10 ± 0.11  
COLEOPTERA Elateridae Conoderus small 0.25 ± 0.16 0.015 0.10 ± 0.15  
 Scarabaeidae Aphodius tasmaniae 0.63 ± 0.26 0.021 0.04 ± 0.08  
 Carabidae Rhytisternus 0.15 ± 0.13 0.024 0.05 ± 0.11  
 Anthicidae Anthicus   0.10 ± 0.11 0.057 0.02 ± 0.05  
 Scarabaeidae Heteronyx 0.16 ± 0.13 0.270 0.07 ± 0.08  
 Scarabaeidae Onthophagus fuliginosus 0.11 ± 0.11 0.409 0.05 ± 0.09  
 Scarabaeidae Proctammoides  0.06 ± 0.08 0.162 0.01 ± 0.03  
 Carabidae Scopodes 0.06 ± 0.08 0.604 0.03 ± 0.06  
 Staphylinidae  Staphylinidae comb antenna 0.07 ± 0.09 0.698 0.04 ± 0.08  
COLEOPTERA Scarabaeidae Onthophagus pronus 0.03 ± 0.06 0.548 0.06 ± 0.20  
 Elateridae Conoderus large 0.02 ± 0.05 0.621 0.01 ± 0.03  
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BANGOR INVERTEBRATES ctd       
    LAWN  BUSH  
Order Family Species/Genus  Mean ± SE P Mean ± SE P 
COLEOPTERA Oedemeridae Sessinia 0.02 ± 0.05 0.737 0.01 ± 0.03  
 Carabidae Promecoderus 0.08 ± 0.09  1.90 ± 0.98 0.001 
 Curculionidae Desiantha small 0.02 ± 0.05  0.21 ± 0.23 0.003 
 Pselaphidae Pselaphidae 0.05 ± 0.07  0.10 ± 0.16 0.531 
 Carabidae Mecyclothorax 0.01 ± 0.04  0.03 ± 0.06 0.634 
 Carabidae Oodes   0.01 ± 0.04  0.03 ± 0.06 0.629 
 Lycidae Metriorhynchus 0.02 ± 0.05  0.02 ± 0.05 1.000 
 Scydmaenidae Scydmaenidae 0.03 ± 0.06  0.04 ± 0.08 1.000 
 Staphylinidae Staphylinidae Aleocharinae small   0.66 ± 0.61 0.001 
 Staphylinidae  Staphylinidae Aleocharinae   1.07 ± 0.96 0.001 
 Elateridae Agrypnus variegatus   0.62 ± 0.93 0.006 
 Curculionidae Amycterinae   0.10 ± 0.14 0.051 
 Nitidulidae Thalycrodes   0.10 ± 0.18 0.065 
 Staphylinidae Anotylus red thorax   0.05 ± 0.11 0.241 
 Byrrhidae Microchaetes   0.02 ± 0.05 0.504 
 Byrrhidae Pedilophorus mixtus   0.03 ± 0.07 0.498 
 Hydrophilidae Hydrophilidae   0.02 ± 0.05 0.479 
 Scarabaeidae Phyllotocus macleayi   0.04 ± 0.10 0.442 
 Scydmaenidae Horaeomorphus   0.02 ± 0.05 0.479 
 Staphylinidae Staphylinidae Quedius   0.02 ± 0.05 0.472 
 Staphylinidae Thyreocephalus   0.02 ± 0.05 0.538 
 Tenebrionidae Saragus   0.02 ± 0.05 0.489 
HEMIPTERA Enicocephalidae Enicocephalidae   0.02 ± 0.05 0.582 
ORTHOPTERA Acrididae Tasmaniacris   0.02 ± 0.05 0.506 
 Gryllacrididae Kinemania   0.02 ± 0.05 0.483 
LEPIDOPTERA Gelechiidae Gelechioid L   0.02 ± 0.07 1.000 
COLEOPTERA Anthicidae Anthicus b&w   0.01 ± 0.03 1.000 
 Carabidae Clivina   0.01 ± 0.03 1.000 
COLEOPTERA Carabidae Lebiini black   0.01 ± 0.03 1.000 
 Chrysomelidae Cryptocephalinae L   0.01 ± 0.03 1.000 
 Curculionidae Ancyttaria   0.01 ± 0.03 1.000 
 Curculionidae Decilaus   0.01 ± 0.03 1.000 
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BANGOR INVERTEBRATES ctd    LAWN  BUSH  
Order Family Species/Genus  Mean ± SE P Mean ± SE P 
COLEOPTERA Dytiscidae Dytiscidae   0.01 ± 0.03 1.000 
 Scarabaeidae Heteronyx aphodioides   0.01 ± 0.03 1.000 
 Scarabaeidae Telura vitticollis   0.01 ± 0.03 1.000 
 Tenebrionidae Adelium   0.01 ± 0.03 1.000 
 Tenebrionidae Lagria grandis   0.01 ± 0.03 1.000 
HEMIPTERA Lygaeidae Lygaeidae   0.01 ± 0.03 1.000 
 Reduviidae Reduviidae Emesiinae   0.01 ± 0.03 1.000 
LEPIDOPTERA Noctuidae Rictonis L   0.01 ± 0.03 1.000 
COLEOPTERA Oecophoridae Oecophoridae   0.01 ± 0.03 1.000 
 Tenebrionidae Lepispilus   0.01 ± 0.03 1.000 
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Appendix 4 
Bangor invertebrate lawn and bush species profile (from the four orders of interest) of most abundant to not so abundant using observed 
indicator value in nMDS in PC-ORD4. These species typify the most common and typical lawn species. Mean and sd (standard deviation) is 
from a randomisation of 1000 iterations of 87 pitfall traps from the lawn and 94 pitfall traps from the bush. L = larva, A = adult. P values in 
bold above the line are significant at P < 0.05. Blank spaces in mean ± SE column indicate that that species was not found in that habitat. Blanks 
in the P column indicate that the number of species found were insufficient for significance testing. 
BANGOR JANUARY LAWN BUSH 
Order Family Genus/Species Mean ± sd Value P Mean ± sd Value P 
HEMIPTERA Rhyparochromidae Rhyparochrominae 6.10 ± 2.20 34.8 0.001    
COLEOPTERA Carabidae Carabidae small 4.10 ± 2.37 29.4 0.001    
ORTHOPTERA Acrididae Austroicetes 6.10 ± 2.20 21.7 0.002    
COLEOPTERA Elateridae Conoderus small 5.60 ± 2.18 12.1 0.021    
 Carabidae Carabidae L 3.60 ± 2.68  9.6 0.017    
 Carabidae Rhytisternus 4.90 ± 2.20  8.6 0.066    
HEMIPTERA Pentatomidae Pentatomidae 4.40 ± 2.20  8.5 0.055    
COLEOPTERA Scarabaeidae Phyllotocus rufipennis 5.50 ± 0.41  6.7 0.074    
 Staphylinidae  Staphylinoid 5.60 ± 0.43  6.7 0.089    
 Cantharidae Chauliognathus 5.60 ± 0.43  6.7 0.090    
LEPIDOPTERA Psychidae  Psychidae L 5.60 ± 0.43  6.7 0.089    
COLEOPTERA Elateridae Agrypnus variegatus    4.3 ± 2.26 39.5 0.001
 Staphylinidae Staphylinidae Aleocharinae small    5.3 ± 2.20 20.5 0.001
 Staphylinidae  Staphylinidae Aleocharinae    5.5 ± 2.36 14.8 0.008
 Staphylinidae Thyreocephalus    3.8 ± 2.43 11.1 0.049
 Scarabaeidae Phyllotocus macleayi    4.4 ± 2.20 11.1 0.063
 Curculionidae Desiantha small    4.8 ± 2.18 10.9 0.024
 Carabidae Oodes      3.9 ± 2.69   5.6 0.252
 Anthicidae Anthicus b&w    5.5 ± 0.40  5.6 0.550
 Scarabaeidae Telura vitticollis    5.5 ± 0.41   5.6 0.593
 Dytiscidae Dytiscidae    5.6 ± 0.43  5.6 0.608
 Tenebrionidae Saragus    3.7 ± 2.37  2.9 0.732
 Hydrophilidae Hydrophilidae    3.7 ± 2.26  2.9 0.740
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Appendix 4 ctd 
BANGOR FEBRUARY LAWN   BUSH   
Order Family Genus/Species   Mean ± sd Value 
 
  P Mean ± sd Value 
  
P 
COLEOPTERA Scydmaenidae Horaeomorphus    3.8 ± 2.48  2.9 0.758 
 Tenebrionidae Isopteron 7.2 ± 2.00 32.5 0.001    
ORTHOPTERA Tetrigidae Tetrigidae 6.7 ± 2.06 27.8 0.001    
COLEOPTERA Chrysomelidae Eumolpinae 7.3 ± 2.12 26.8 0.001    
 Elateridae Agrypnus 6.0 ± 2.26 26.4 0.001    
 Scarabaeidae Aphodius tasmaniae 5.0 ± 2.26 25.0 0.001    
LEPIDOPTERA Noctuidae Agrotis L 4.2 ± 2.50 23.6 0.001    
COLEOPTERA Scarabaeidae Heteronyx 5.1 ± 2.16 21.8 0.001    
 Carabidae Carabidae nr Demetrida 3.7 ± 2.64 11.9 0.023    
 Staphylinidae  Staphylinidae 
thyreocephalus 
3.6 ± 2.23 11.1 0.039    
 Scarabaeidae Onthophagus posticus 4.2 ± 2.37 7.8 0.076    
 Staphylinidae  Staphylinidae comb antenna 4.2 ± 2.13 7.7 0.070    
HEMIPTERA  Elateridae Conoderus large 3.7 ± 2.73 7.4 0.134    
 Cydnipidae Adrisa 5.5 ± 0.42 5.6 0.567    
LEPIDOPTERA Reduviidae Reduviidae elongate 5.5 ± 0.42 5.6 0.567    
LEPIDOPTERA Geometridae Geometridae 5.5 ± 0.42 5.6 0.567    
COLEOPTERA Scarabaeidae  Scaraphites rotundipennis  5.6 ± 0.42 5.6 0.584    
 Scarabaeidae Ataenius 3.6 ± 0.42 5.3 0.282    
 Lycidae Metriorhynchus 3.8 ± 2.66 1.4 0.977    
 Curculionidae Ancyttaria    5.6 ± 0.43 5.3 1.000 
 Curculionidae Decilaus    5.5 ± 0.41 5.3 1.000 
 Tenebrionidae Lagria grandis    5.6 ± 0.45 5.3 1.000 
 Tenebrionidae Lepispilus    5.5 ± 0.40 5.3 1.000 
HEMIPTERA Enicocephalidae Enicocephalidae    3.8 ± 2.48 2.6 1.000 
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Appendix 4 ctd 
 
BANGOR MARCH LAWN   BUSH   
Order Family Genus/Species Mean ± sd Value   P Mean ± sd Value P 
COLEOPTERA Curculionidae Desiantha 6.0 ± 2.14 2.14 0.001    
HEMIPTERA Fulgoroidea Fulgoroidea 3.5 ± 2.49 2.49 0.004    
LEPIDOPTERA Hepialidae Oncopera intricata A 3.7 ± 2.36 2.36 0.052    
COLEOPTERA Carabidae Lebiini 5.5 ± 0.43 0.43 0.561    
 Scarabaeidae Onthophagus auritus 5.5 ± 0.42 0.42 0.561    
 Tenebrionidae Coripera 5.6 ± 0.45 0.45 0.572    
 Staphylinidae  Staphylinae 
Conosoma 
5.5 ± 0.42 0.42 0.580    
HEMIPTERA Cicadellidae  Cicadellidae 5.6 ± 0.44 0.44 0.587    
ORTHOPTERA Acrididae Urnisa rugosa 5.5 ± 0.41 0.41 0.569    
LEPIDOPTERA Crambidae Crambidae 3.7 ± 2.36 2.36 0.773    
COLEOPTERA Carabidae Lebiini black   5.5 ± 0.41 5.9 0.153 
LEPIDOPTERA Noctuidae Rictonis L   5.5 ± 0.41 5.9 0.153 
HEMIPTERA Reduviidae Reduviidae gnat-like   5.5 ± 0.42 5.9 0.170 
LEPIDOPTERA Oecophoridae Oecophoridae   5.5 ± 0.41 5.9 0.173 
 Gelechiidae Gelechioid L   5.6 ± 0.44 5.9 0.184 
COLEOPTERA Chrysomelidae Cryptocephalinae L    5.6 ± 0.44 5.9 0.191 
 Curculionidae Amycterinae   4.0 ± 2.45 5.2 0.215 
ORTHOPTERA Gryllacrididae Kinemania ambulans   3.6 ± 2.14 3.1 0.311 
        
APRIL        
        
COLEOPTERA Curculionidae Desiantha bifid 6.3 ± 2.21 2.21 0.001    
 Curculionidae Desiantha setose 6.2 ± 2.24 2.24 0.001    
 Curculionidae Desiantha smooth 4.0 ± 2.37 2.37 0.001    
ORTHOPTERA Gryllidae Teleogryllus 6.7 ± 2.03 2.03 0.001    
 Gryllidae Bobilla 11.3 ± 1.18 1.18 0.001    
 Acrididae Phaulacridium 7.1 ± 2.03 2.03 0.005    
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BANGOR APRIL ctd       
Order Family Genus/Species Mean ± sd Value P Mean ± sd Value P 
COLEOPTERA Anthicidae Anthicus 4.5 ± 2.36 8.6 0.075    
 Scarabaeidae Onthophagus fuliginosus 4.5 ± 2.21 8.4 0.067    
 Curculionidae Desiantha smooth&bifid 5.5 ± 0.41 5.3 1.000    
 Pselaphidae Pselaphus  5.6 ± 0.41 5.3 1.000    
 Staphylinidae  Staphylinidae Aleochara 5.6 ± 0.44 5.3 1.000    
ORTHOPTERA Acrididae Unknown large grasshp 5.5 ± 0.42 5.3 1.000    
COLEOPTERA Scarabaeidae Proctammoides  4.1 ± 2.34 4.9 0.254    
 Carabidae Promecoderus    8.5 ± 1.96 21.0 0.001
 Acrididae Tasmaniacris    3.8 ± 2.47 10.5 0.100
 Byrrhidae Microchaetes    3.8 ± 2.46 10.5 0.103
 Scarabaeidae Onthophagus pronus    4.4 ± 2.48 2.5 0.852
 Staphylinidae Anotylus red thorax    4.1 ± 2.39 2.6 0.875
 Tenebrionidae Adelium    5.5 ± 0.43 5.3 1.000
 Carabidae Clivina    5.5 ± 0.43 5.3 1.000
HEMIPTERA Lygaeidae Lygaeidae    5.6 ± 0.43 5.3 1.000
         
MAY         
COLEOPTERA Staphylinidae Paederus 6.0 ± 2.35 13.9 0.011    
ORTHOPTERA Acrididae Schizobothrus    4.3 ± 2.08 13.4 0.004    
COLEOPTERA Hydrophilidae Cercyon 4.3 ± 2.30 5.8 0.209    
 Curculionidae Mandalotus small 5.5 ± 0.42 5.3 1.000    
 Anthicidae Tomoderus 5.6 ± 0.43 5.3 1.000    
HEMIPTERA Saldidae Saldidae 5.6 ± 0.42 5.3 1.000    
COLEOPTERA Pselaphidae Pselaphidae    4.3 ± 2.19 6.8 0.128
 Nitidulidae Thalycrodes    4.3 ± 2.22 6.2 0.135
 Carabidae Mecyclothorax    3.7 ± 2.57 5.6 0.214
 Scarabaeidae Heteronyx aphodioides    5.5 ± 0.43 5.6 0.572
 Byrrhidae Pedilophorus mixtus    4.0 ± 2.15 3.5 0.423
 Staphylinidae Staphylinidae Quedius    3.8 ± 2.49 2.9 0.751
 Scydmaenidae Scydmaenidae    4.1 ± 2.25 1.3 0.907
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Appendix 5  
Central Plateau invertebrate Mean and SE (standard error) of lawn and bush species profile of most abundant to not so abundant using 
observed indicator value in nMDS in PC-ORD4. These species typify the most common and typical lawn species (from the four orders of 
interest) from a randomisation of 1000 iterations of 59 lawn and 55 bush traps. L = larva, A = adult. P values in bold above the line are 
significant at P < 0.05. Blank spaces in mean ± SE column indicate that that species was not found in that habitat. Blanks in the P column 
indicate that the number of species found were insufficient for significance testing.     
CENTRAL PLATEAU  LAWN   BUSH   
Order Family Genus/Species Mean ± SE Value P Mean ± SE Value P 
COLEOPTERA Carabidae Rhytisternus large broad 0.31 ± 0.32 17.9 0.002    
 Curculionidae Desiantha small 0.14 ± 0.16 10.7 0.029    
 Carabidae Carabidae L 0.17 ± 0.23   8.9 0.060    
 Carabidae Rhytisternus smaller 0.09 ± 0.10   8.9 0.052    
 Carabidae Sloaneana 0.05 ± 0.08   5.4 0.237    
 Carabidae Carabidae medium Rhytisternus 0.10 ± 0.20   3.6 0.483    
ORTHOPTERA Pyrogomorphidae Monistria 0.03 ± 0.07   3.6 0.492    
LEPIDOPTERA Noctuidae Agrotis L 0.03 ± 0.07   3.6 0.495    
COLEOPTERA Chrysomelidae Eumolpinae 0.03 ± 0.07   3.6 0.495    
 Hydrophilidae Cercyon 0.03 ± 0.07   3.6 0.498    
LEPIDOPTERA Geometridae Chrysolarentia heliacaria 0.02 ± 0.05   1.8 1.000    
 Noctuidae Dasygaster A 0.02 ± 0.05   1.8 1.000    
HEMIPTERA Nabidae Nabis 0.02 ± 0.05   1.8 1.000    
 Reduviidae Reduviidae elongate 0.02 ± 0.05   1.8 1.000    
COLEOPTERA Carabidae Clivina 0.02 ± 0.05   1.8 1.000    
 Carabidae Prosopogmus 0.02 ± 0.05   1.8 1.000    
 Curculionidae Curculionidae small 0.02 ± 0.05   1.8 1.000    
 Dytiscidae Dytiscidae 0.02 ± 0.05   1.8 1.000    
 Curculionidae Desiantha 0.83 ± 0.50 37.8 0.001 0.05 ± 0.11   
 Carabidae Scopodes 0.69 ± 0.65 23.9 0.001 0.05 ± 0.11   
 Carabidae Carabidae medium 6.50 ± 3.20 45.1 0.002 1.23 ± 0.99   
 Carabidae Rhytisternus 2.16 ± 1.53 27.7 0.003 0.12 ± 0.14   
 Staphylinidae Paederus 0.59 ± 0.58 16.8 0.011 0.07 ± 0.15   
 Staphylinidae  Staphylinidae Aleocharinae 0.28 ± 0.33 11.7 0.109 0.12 ± 0.30   
HEMIPTERA Lygaeidae Nysius vinitor 0.12 ± 0.14   9.1 0.115 0.02 ± 0.05   
ORTHOPTERA Gryllidae Bobilla 2.74 ± 1.61 32.6 0.255 1.58 ± 1.08   
HEMIPTERA Cicadellidae  Cicadellidae 0.07 ± 0.09   3.7 0.850 0.09 ± 0.20   
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CENTRAL PLATEAU LAWN   BUSH   
Order Family Genus/Species Mean ± SE Value P Mean ± SE Value P 
COLEOPTERA Curculionidae Poropterus 0.02 ± 0.05   0.63 ± 0.62 25.5 0.001 
 Carabidae Homethes 0.02 ± 0.05   0.23 ± 0.33   9.3 0.072 
 Scarabaeidae Heteronyx 0.03 ± 0.07   0.12 ± 0.14   9.7 0.111 
 Elateridae Agrypnus 0.02 ± 0.05   0.05 ± 0.08   4.7 0.320 
 Tetrigidae Tetrix 0.03 ± 0.07   0.11 ± 0.13   7.8 0.199 
 Cantharidae Chauliognathus L 0.17 ± 0.18   0.26 ± 0.40   6.7 0.861 
 Scydmaenidae Scydmaenidae 0.02 ± 0.05   0.02 ± 0.05   1.1 1.000 
 Carabidae Trechodes 0.05 ± 0.10   0.04 ± 0.07   1.9 1.000 
 Scarabaeidae  Sloaneana tasmaniae    0.21 ± 0.21 16.3 0.003 
 Carabidae Carabidae small    0.12 ± 0.17 10.2 0.023 
 Carabidae Amblytelus    0.11 ± 0.15   8.2 0.044 
LEPIDOPTERA Noctuidae Persectania L    0.09 ± 0.13   8.2 0.044 
COLEOPTERA Carabidae Mecyclothorax    0.05 ± 0.11   4.1 0.190 
 Carabidae Promecoderus    0.04 ± 0.07   4.1 0.228 
 Scarabaeidae Phyllotocus nigripennis    0.04 ± 0.07   4.1 0.219 
HEMIPTERA Lygaeidae Lygaeidae    0.09 ± 0.20   4.1 0.207 
 Reduviidae Reduviidae slender    0.05 ± 0.11   4.1 0.210 
LEPIDOPTERA Pyralidae  Pyralidae L    0.04 ± 0.07   4.1 0.212 
ORTHOPTERA Acrididae Tasmaniacris    0.04 ± 0.07   4.1 0.232 
 Gryllacrididae Kinemania ambulans    0.04 ± 0.07   4.1 0.214 
COLEOPTERA Carabidae Chylnus ater    0.02 ± 0.05   2.0 0.463 
 Carabidae Hypharpax    0.02 ± 0.05 2.0 0.459 
 Curculionidae Amycterinae    0.02 ± 0.05 2.0 0.467 
 Dytiscidae Dytiscidae small    0.16 ± 0.44  2.0 0.483 
 Pselaphidae Pselaphidae Sagola    0.02 ± 0.05 2.0 0.452 
 Staphylinidae  Staphylinae Conosoma    0.02 ± 0.05 2.0 0.452 
HEMIPTERA Cicadellidae  Cicadellidae Ulopinae    0.02 ± 0.05 2.0 0.467 
LEPIDOPTERA Hepialidae Fraus L    0.02 ± 0.05 2.0 0.477 
 Noctuidae Rictonis L    0.07 ± 0.20 2.0 0.481 
ORTHOPTERA Acrididae Phaulacridium    0.02 ± 0.05 2.0 0.471 
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Appendix 6 
Central Plateau invertebrate lawn and bush species profile of most abundant to not so abundant using observed indicator value in nMDS in PC-
ORD4. These species typify the most common and typical lawn species (from the four orders of interest). Mean and sd (standard deviation) is 
from a randomisation of 1000 iterations of 59 lawn and  55 bush traps. L = larva, A = adult. P  values in bold above are significant at P < 0.05. 
Blank spaces in mean ± SE column indicate that that species was not found in that habitat. Blanks in the P column indicate that the number of 
species found were insufficient for significance testing. 
 
CENTRAL PLATEAU LAWN   BUSH   
Month Order Family  Genus/Species  Mean ± sd Value P Mean ± sd Value P 
MARCH COLEOPTERA Carabidae Rhytisternus large   9.20 ± 4.82 55.60 0.001    
  Carabidae Carabidae L   7.50 ± 4.23 27.80 0.005    
  Curculionida Desiantha 12.50 ± 4.30 30.40 0.006    
  Carabidae Carabidae medium   6.40 ± 4.01 11.10 0.141    
APRIL COLEOPTERA Carabidae Carabidae medium 18.50 ± 2.69 31.90 0.001    
  Carabidae Rhytisternus smaller   7.20 ± 4.22 26.30 0.006    
 COLEOPTERA Curculionida Poropterus    10.40 ± 5.03 41.60 0.002 
 ORTHOPTERA Tetrigidae Tetrigidae      7.90 ± 4.12   4.90 0.789 
MAY COLEOPTERA Carabidae Carabidae L 12.00 ± 4.40 21.60 0.030    
  Carabidae Trechodes   8.50 ± 4.59 15.40 0.071    
  Scarabaeidae Sloaneana tasmaniae      8.20 ± 4.71  45.00 0.001 
  Carabidae Amblytelus      7.30 ± 4.29  30.80 0.001 
  Carabidae Carabidae small      7.10 ± 3.99  38.50 0.001 
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Appendix 7 
Invertebrate species caught in sticky traps at Bangor (April-May 2006) from most 
abundant to not so abundant. Mean and SE (standard error) are from 40 lawn and 20 
bush traps. Significant values are in bold at P < 0.05 and are calculated using one-way 
Anova. Blank spaces indicate that that species was not found in that habitat.  
BANGOR STICKY TRAPS LAWN BUSH  
Order Family Mean ± SE Mean ± SE P 
DIPTERA Phoridae 15.25 ± 4.92 10.10 ± 1.70 0.143 
HYMENOPTERA Micro wasps   9.78 ± 1.50 8.90 ± 2.33 0.567 
DIPTERA Sciaridae 8.18 ± 1.63 7.80 ± 2.60 0.824 
 Chironomidae 4.40 ± 1.93 2.15 ± 0.99 0.116 
HEMIPTERA Cicadellidae 3.18 ± 0.99 6.00 ± 2.40 0.039 
 Psyllidae 1.90 ± 3.10 0.30 ± 0.15 0.455 
DIPTERA Dolichopodidae 1.85 ± 1.05 2.20 ± 0.83 0.672 
 Cecidomyidae 1.70 ± 0.66 4.30 ± 1.96 0.015 
 Muscidae 1.53 ± 0.53 0.50 ± 0.23 0.009 
COLEOPTERA Pselaphidae 0.93 ± 0.33 0.30 ± 0.22 0.014 
ARANEAE Micro spiders 0.83 ± 0.41 0.55 ± 0.22 0.360 
THYSANOPTERA Yellow 0.65 ± 0.35 0.009 
DIPTERA Chloropidae 0.58 ± 0.84 0.60 ± 0.42 0.967 
LEPIDOPTERA Crambidae 0.53 ± 0.35 0.032 
ORTHOPTERA Tetrix 0.38 ± 0.23 0.40 ± 0.27 0.903 
HYMENOPTERA Braconidae 0.38 ± 0.22 0.80 ± 0.31 0.049 
COLLEMOLA Katianna 0.35 ± 0.34 0.35 ± 0.36 1.000 
ORTHOPTERA Austrocietes 0.33 ± 0.17 0.10 ± 0.10 0.083 
DIPTERA Tachinidae 0.30 ± 0.20 0.45 ± 0.33 0.473 
HYMENOPTERA Bethylidae 0.18 ± 0.15 0.05 ± 0.07 0.244 
DIPTERA Mycetophilidae 0.18 ± 0.13 3.45 ± 1.15 0.001 
HEMIPTERA Aphididae 0.13 ± 0.18 0.327 
COLEOPTERA Staphylinidae Aleocharinae 0.13 ± 0.11 0.15 ± 0.12 0.793 
 Scarabaeidae Ataenius 0.10 ± 0.16 0.014 
DIPTERA Calliphora brown 0.10 ± 0.10 0.30 ± 0.21 0.148 
PSOCOPTERA Pscopterae 0.10 ± 0.10 0.05 ± 0.07 0.517 
COLEOPTERA Coccinellidae rhizobius 0.08 ± 0.11 0.344 
HEMIPTERA Fulgoroidea 0.08 ± 0.11 0.344 
COLEOPTERA Leiodidae 0.08 ± 0.09 0.05 ± 0.07 0.720 
HEMIPTERA Lygaeidae 0.08 ± 0.09 0.216 
HYMENOPTERA Chrysididae 0.08 ± 0.09 0.216 
 Ichneumonidae Red and black 0.08 ± 0.09 0.216 
ORTHOPTERA Urnisa rugosa 0.08 ± 0.09 0.10 ± 0.10 0.746 
COLEOPTERA Chrysomelidae altica 0.05 ± 0.07 0.05 ± 0.07 1.000 
DIPTERA Psychodidae 0.05 ± 0.07 0.317 
 Tipulidae 0.05 ± 0.07 0.35 ± 0.16 0.002 
LEPIDOPTERA Torticidae 0.05 ± 0.07 0.317 
ORTHOPTERA Bobilla 0.05 ± 0.07 0.10 ± 0.10 0.473 
COLEOPTERA Mordellidae 0.03 ± 0.05 0.484 
DIPTERA Anisopodidae 0.03 ± 0.05 0.484 
 Heleomyzidae 0.03 ± 0.05 0.484 
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Appendix 7 ctd 
 
 
BANGOR STICKY TRAPS LAWN BUSH  
Order Family Mean ± SE Mean ± SE P 
   
HEMIPTERA Aphrophoridae 0.03 ± 0.05 0.10 ± 0.10 0.216 
HYMENOPTERA Ichneumonidae small 0.03 ± 0.05 0.484 
 Lasioglossum(native bee) 0.03 ± 0.05 0.484 
LEPIDOPTERA Glyphipterygidae 0.03 ± 0.05 0.484 
ORTHOPTERA Phaulacridium 0.03 ± 0.05 0.484 
TRICOPTERA Trichoptera 0.03 ± 0.05 0.484 
COLEOPTERA Anthicus 0.05 ± 0.07 0.159 
 Curculionidae small 0.10 ± 0.10 0.043 
 Onthophagus auritus 0.05 ± 0.07 0.159 
DIPTERA Calliphora green 0.05 ± 0.07 0.159 
 Empididae 0.05 ± 0.07 0.159 
 Keroplatidae 0.05 ± 0.07 0.159 
 Lauxaniidae 0.05 ± 0.07 0.159 
HYMENOPTERA Evaniidae 0.25 ± 0.15 0.001 
 Iridomyrmex 0.05 ± 0.07 0.159 
HYMENOPTERA Scelionidae 0.05 ± 0.07 0.159 
LEPIDOPTERA Unidentified small 0.20 ± 0.29 0.159 
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Appendix 8 
Invertebrate species caught in sticky traps at Central Plateau (March-May 2006) from 
most abundant to not so abundant. Mean and SE (standard error) are from 60 lawn 
and 30 bush traps. Significant values are in bold and are calculated using one-way 
Anova. Blank spaces indicate that that species was not found in that habitat. 
Central Plateau  LAWN BUSH  
Order Family Mean ± SE Mean ± SE P 
HEMIPTERA Psyllidae 43.31 ± 21.79 7.50 ± 5.77 0.009 
DIPTERA Phoridae 26.91 ±   8.40 62.04 ± 25.72 0.004 
 Chironomidae 9.50 ± 3.13 8.15 ± 3.48 0.576 
HYMENOPTERA micro wasp 5.62 ± 1.85 4.15 ± 1.50 0.252 
DIPTERA Mycetophilidae 4.60 ± 2.37 3.80 ± 1.91 0.638 
 Muscidae 3.81 ± 1.66 0.23 ± 0.30 0.001 
 Chloropidae 3.28 ± 1.77 4.77 ± 3.03 0.373 
 Dolichopodidae 2.67 ± 2.78 0.35 ± 0.27 0.176 
 Sciaridae 2.66 ± 1.36 11.15 ± 5.67 0.001 
HEMIPTERA Cicadellidae 2.55 ± 1.59 2.88 ± 1.49 0.773 
COLEOPTERA Aleocharinae 0.95 ± 0.47 0.04 ± 0.06 0.002 
DIPTERA Tipulidae 0.71 ± 0.45 0.34 ± 0.20 0.214 
HEMIPTERA Nysius 0.59 ± 0.32 0.04 ± 0.06 0.007 
ARANEAE microspider 0.37 ± 0.34 0.07 ± 0.08 0.149 
COLLEMBOLA Hypogastruridae 0.30 ± 0.55 3.46 ± 3.76 0.058 
LEPIDOPTERA Elachistidae 0.30 ± 0.44 0.10 ± 0.13 0.476 
HYMENOPTERA Braconidae 0.30 ± 0.28 0.65 ± 0.31 0.109 
DIPTERA Tachinidae 0.31 ± 0.24 0.69 ± 0.47 0.126 
THYSANOPTERA Thripidae 0.30 ± 0.20 0.10 ± 0.13 0.154 
DIPTERA Cecidomyidae 0.30 ± 0.25 0.20 ± 0.12 0.532 
 Keroplatidae 0.20 ± 0.25  0.187 
HYMENOPTERA Ichneumonidae 0.17 ± 0.14 0.15 ± 0.19 0.873 
HEMIPTERA Aphididae 0.14 ± 0.14  0.113 
HYMENOPTERA Pompilidae  0.14 ± 0.14  0.113 
COLEOPTERA Scirtidae 0.10 ± 0.13 0.04 ± 0.06 0.440 
ORTHOPTERA Tetrigidae 0.10 ± 0.10 0.10 ± 0.13 0.419 
DIPTERA Unidentified 0.08 ± 0.17  0.419 
COLEOPTERA Coccinellidae 0.07 ± 0.08 0.03 ± 0.06 0.590 
COLEOPTERA Dytiscidae 0.05 ± 0.09 0.04 ± 0.06 0.833 
HEMIPTERA Fulgoroidea 0.05 ± 0.07  0.243 
LEPIDOPTERA Hepialidae 0.05 ± 0.07 0.04 ± 0.06 0.795 
DIPTERA Acroceridae 0.04 ± 0.08  0.506 
 Asilidae 0.04 ± 0.08  0.506 
ORTHOPTERA Rhaphidophoridae 0.03 ± 0.08  0.506 
PSOCOPTERA Book louse 0.03 ± 0.08 0.04 ± 0.06 0.945 
DIPTERA Calliphora green 0.04 ± 0.06 0.03 ± 0.06 0.929 
DIPTERA Lauxaniidae 0.04 ± 0.06 0.03 ± 0.06 0.929 
HEMIPTERA Lygaeidae 0.03 ± 0.06 0.07 ± 0.08 0.405 
HYMENOPTERA Formicidae 0.03 ± 0.06  0.344 
 Lasioglossum 0.03 ± 0.06  0.344 
LEPIDOPTERA Geometridae 0.03 ± 0.06 0.07 ± 0.08 0.405 
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Appendix 8 Sticky traps ctd   
     
Central Plateau  LAWN BUSH  
Order Family Mean ± SE Mean ± SE  
ORTHOPTERA Acrididae 0.03 ± 0.06 0.07 ± 0.08 0.405 
TRICHOPTERA Leptoceridae 0.03 ± 0.06  0.344 
COLEOPTERA Lathridiidae 0.02 ± 0.04 0.04 ± 0.06 0.561 
 Pselaphid 0.02 ± 0.04  0.506 
 Ptilidae 0.02 ± 0.04  0.506 
 Scydmaenidae 0.02 ± 0.04  0.506 
COLLEMBOLA Entomobryidae 0.02 ± 0.04 0.35 ± 0.38 0.046 
DIPTERA Calliphora brown 0.02 ± 0.04  0.506 
 Pyrgotidae 0.02 ± 0.04   
HEMIPTERA Cixiidae 0.02 ± 0.04 0.04 ± 0.06 0.561 
 Corixidae 0.02 ± 0.04  0.506 
 Miridae 0.02 ± 0.04  0.506 
HYMENOPTERA Evaniidae 0.02 ± 0.04 0.15 ± 0.24 0.199 
LEPIDOPTERA Oecophoridae 0.02 ± 0.04 0.17 ± 0.15 0.013 
ORTHOPTERA Bobilla 0.02 ± 0.04 0.04 ± 0.06 0.561 
COLEOPTERA Leiodidae 0.04 ± 0.06 0.136 
COLEOPTERA Mordellidae 0.04 ± 0.06 0.136 
DIPTERA Syrphidae 0.04 ± 0.06 0.136 
 Tephritidae 0.04 ± 0.06 0.136 
MECOPTERA Apteropanorpa 0.04 ± 0.06 0.136 
 
 
